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SCHEMATIC SYMBOLS USED IN CIRCUIT DIAGRAMS 


y Se a 
Single cell Multicell Fixed Variable Split-stator Feed-through 
ANTENNA BATTERIES CAPACITORS 
- Meo ce ae vi es 
0 | 
Qu ARTZ Gries Receptacle Plug Coaxial Receptacle Coaxial Plug female Male Jack Plug 


CON NEE ORS 


ef & § FE or 


Choke BasicCoil AirCore  IronCore Tapped ‘Adjustable 
NDCC EORS 


HEADSET 


x Insert ee Designations: 


-Ammeter 
Ge -Voltmeter 
MA- eee 


Incandescent Pilot Neon (A.C) 


METERS TRANSISTOR 


| i 


CONTACT Fixed Tapped Adjustable 
RECTIFIER RESISTORS 


be 
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Normally Open Normally Open 


MICROPHONE RELAYS 


Reale ethan = -s - 
pgntenss ! ee == i oo o oa OR 
es pees Shielded Shielded Coaxial $:P:ST IS ee: 
General _— Enclosure Wire Multiconductor Cable Togqle 3 Multipoint 
SHIELDING SPEAKER SWITCHES 


rs 


i ae 4. Jaa 


Air Core ;: Core Adjustable Adjustable with Link Terminal Conny Conductors Conductors | Chassis 
Inductance — Coupling not joined Joined Connection 
TRANSFORMERS WIR UNG: Son 
Lr poi. © Oe 
Heater or — Indirectl Cold, 
Filament Heated de Cato Dae mee ear ee, Triode Pentode Voltage 


Requlato 
ELECTRON ie ELEMENTS EXAMPLES : 


Where it is necessary or desirable to identify the electrodes or capacitors, the curved element represents the 
outside electrode (marked * ‘outside foil,” “ground,” etc.) in fixed paper- and ceramic-dielectric capacitors, and the 
negative electrode in electrolytic capacitors. 

In the modern symbol, the curved line indicates the moving element (rotor plates) in variable and adjustable air- 
or mica-dielectric capacitors. 


In the case of switches, jacka, etc., only the basic combinations are shown. Any combination of these symbols 
may be assembled as required, following the elementary forms shown. 
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Foreword 


In thirty-five years of continuous publication The Radio 
Amateur’s Handbook has become as much of an institution as 
amateur radio itself. Produced by the amateur’s own organiza- 
tion, the American Radio Relay League, and written with the 
needs of the practical amateur constantly in mind, it has earned 
universal acceptance not only by amateurs but by all segments 
of the technical radio world. This wide dependence on the, Hand- 
book is founded on its practical utility, its treatment of radio 
communication problems in terms of how-to-do-it rather than 
by abstract discussion. 

Virtually continuous modification is a feature of the Handbook 
— always with the objective of presenting the soundest and best 
aspects of current practice rather than the merely new and novel. 
Its annual revision, a major task of the headquarters group of 
the League, is participated in by skilled and experienced amateurs 
well acquainted with the practical problems in the art. 

The Handbook is printed in the format of the League’s monthly 
magazine, QS7. This, together with extensive and useful catalog 
advertising by manufacturers producing equipment for the radio 
amateur and industry, makes it possible to distribute for a very 
modest charge a work which in volume of subject matter and 
profusion of illustration surpasses most available radio texts 
selling for several times its price. 

The Handbook has long been considered an indispensable part 
of the amateur’s equipment. We earnestly hope that the present 
edition will succeed in bringing as much assistance and inspiration 
to amateurs and would-be amateurs as have its predecessors. 


JOHN HUNTOON | 
General Manager, ARRL 
West Hartford, Conn. 


CONTENTS 


Circtsh OyMOlss hi tos estes teste Sole yee frontispiece 
The Amateur’s Code........ccesseeseevess 8 
Gihaprer-- 1 — Amateur RAGLIO= iso. eek case sw tiscea cecsw cease 9 
2— Electrical Laws and Circuits................. 15 
3—Vacuum-Tube Principles..............ececee. 59 
4— Semiconductor Devices ..............ccc000: Lo 
5— High-Frequency Receivers................00% 86 
6— High-Frequency Transmitters................ 144 
Zi POWEP DUD DMCS ois iy cain nie & elation bhi eo Pa gis 218 
6——Keying- and Break-In... cise oe uo vee sass ws 243 
9—Speech Amplifiers and Modulators........... 259 
TO—-Amputude Modulation «ic. siese ds coda keke 283 
11—Suppressed-Carrier and Single-Sideband 
ERG CHTPCQUES tire ioe ora. 0.6 ies eo oes 303 
12—Specialized Communication Systems........ 324 
J3=— Transmission LINES o0 re Gare «oie asee os ee Eee bles 336 
Pe MOMS ooo a's caieiecs es oe Uae oes Cae oe oa we 355 
15 Wave Propagdttorie o.c5 fcicee os ek oe wd ee bats 389 
TO oN ELE TROCCLV GIS « cissee sca ae tivo dale a ues Dieters s 397 
Pe = NEE Eo C1 TOTISINILLOTS 5 a5, vce solic 6 os spelen eftieie lard 419 
Tore NE PATIONNGS oo oie cake ores ee oe hele ees 448 
19—Mobile and Portable-Emergency Equipment. .460 
20— Construction Practices... 6s cs. .cee ese e see es 497 
2 T= WIGASUPEMIONES o.oo so wc aide 08 'v'e oie 0 bcs bia ew dnd te 507 
22— Assembling d Station .........seccceccccsecs 539 
BSI BOON LV be isk cic tect e Vik ois ad tele we 546 
2P:AT O Pel biel ake loptotibey ce qe ley ¢ Wm emer enh Far ra Womens Amaia een 566 
25— Vacuum Tubes and Semiconductors.......... V1 


Ca talog Section 
Index 


THE 
AMATEURS 
CODE 


“ONE e 


The Amateur is Gentlemanly ...He never knowingly 
uses the air for his own amusement in such a way as to lessen 
the pleasure of others. He abides by the pledges given by 
the ARRL in his behalf to the public and the Government. 


eTWOe 


The Amateur is Loyal ...He owes his amateur radio to 
the American Radio Relay League, and he offers it his 
unswerving loyalty. 


e THREE e 


The Amateur is Progressive ...He keeps his station 
abreast of science. It is built well and efficiently. His oper- 
ating practice is clean and regular. 


eFOUR e 


The Amateur is Friendly ...Slow and patient sending 
when requested, friendly advice and counsel to the be- 
ginner, kindly assistance and cooperation for the broad- 
cast listener; these are marks of the amateur spirit. 


eFIVEe 
The Amateur is Balanced... Radio is his hobby. He 


never allows it to interfere with any of the duties he owes 
to his home, his job, his school, or his community. 


eSlX e 


The Amateur is Patriotic ... His knowledge and his sta- 
tion are always ready for the service of his country and 


his community. Fe ys ee 
— Paul M. Sega 


CHAPTER 1 


Amateur Radio 


Amateur radio is a scientific hobby, a means 
of gaining personal skill in the fascinating art 
of electronics and an opportunity tc com- 
municate with fellow citizens by private short- 
wave radio. Scattered over the globe are over 
250,000 amateur radio operators who perform 
a service defined in international law as one of 
“‘self-training, intercommunication and techni- 
cal investigations carried on by . . . duly author- 
ized persons interested in radio technique solely 
with a personal aim and without pecuniary 
interest.’ 

From a humble beginning at the turn of the 
century, amateur radio has grown to become 
an established institution. Today the Ameri- 
ean followers of amateur radio number over 
200,000, trained communicators from whose 
ranks will come the professional communica- 
tions specialists and executives of tomorrow — 
just as many of today’s radio leaders were first 
attracted to radio by their early interest in 
amateur radio communication. A powerful 
and prosperous organization now provides a 
bond between amateurs and protects their 
interests; an internationally respected maga- 
zine is published sclely for their benefit. The 
military services seek the cooperation of the 
amateur in developing communications re- 
serves. Amateur radio supports a manufactur- 
ing industry which, by the very demands of 
amateurs for the latest and best equipment, 
is always up-to-date in its designs and pro- 
duction techniques —in itself a national 
asset. Amateurs have won the gratitude of 
the nation for their heroic performances in 
times of natural disaster; traditional amateur 
skills in emergency communication are also the 
stand-by system for the nation’s civil defense. 
Amateur radio is, indeed, a magnificently useful 
institution. 

Although as old as the art of radio itself, 
amateur radio did not always enjoy such 
prestige. Its first enthusiasts were private 
citizens of an experimental turn of mind whose 
imaginations went wild when Marconi first 
proved that messages actually could be sent 
by wireless. They set about learning enough 
about the new scientific marvel to build home- 
made spark transmitters. By 1912 there were 
numerous Government and commercial stations, 
and hundreds of amateurs; regulation was needed, 
so laws, licenses and wavelength specifications 
appeared. There was then no amateur organiza- 
tion nor spokesman. The official viewpoint toward 
amateurs was something like this: 


““Amateurs? . . . Oh, yes... . Well, stick 
"em on 200 meters and below; they’ll never 
get out of their backyards with that.” 

But as the years rolled on, amateurs found 
out how, and DX (distance) jumped from local 
to 500-mile and even occasional 1000-mile two- 
way contacts. Because all long-distance mes- 
sages had to be relayed, relaying developed into 
a fine art — an ability that was to prove in- 
valuable when the Government suddenly called 
hundreds of skilled amateurs into war service 
in 1917. Meanwhile U. S. amateurs began to 
wonder if there were amateurs in other coun- 
tries across the seas and if, some day, we might 
not span the Atlantic on 200 meters. 

Most important of all, this period witnessed 
the birth of the American Radio Relay League, 
the amateur radio organization whose name 
was to be virtually synonymous with subse- 
quent amateur progress and short-wave de- 
velopment. Conceived and formed by the 
famous inventor, the late Hiram Percy Maxim, 
ARRL was formally launched in early 1914. It 
had just begun to exert its full force in amateur 
activities when the United States declared war 
in 1917, and by that act sounded the knell for 
amateur radio for the next two and a half 
years. There were then over 6000 amateurs. 
Over 4000 of them served in the armed forces 
during that war. 

Today, few amateurs realize that World 
War I not only marked the close of the first 
phase of amateur development but came very 


HIRAM PERCY MAXIM 
« President ARRL, 1914-1936 


near marking its end for all time. The fate of 
amateur radio was in the balance in the days 
immediately following the signing of the Armi- 
stice. The Government, having had a taste of 
supreme authority over communications in 
wartime, was more than half inclined to keep 
it. The war had not been ended a month before 
Congress was considering legislation that would 
have made it impossible for the amateur radio 
of old ever to be resumed. ARRL’s President 
Maxim rushed to Washington, pleaded, ar- 
gued, and the bill was defeated. But there was 
still no amateur radio; the war ban continued. 
Repeated representations to Washington met 
only with silence. The League’s offices had 
been closed for a year and a half, its rec- 
ords stored away. Most of the former amateurs 
had gone into service; many of them would 
never come back. Would those returning be 
interested in such things as amateur radio? 
Mr. Maxim, determined to find out, called a 
meeting of the old Board of Directors. The 
situation was discouraging: amateur radio still 
banned by law, former members scattered, no 
organization, no membership, no funds. But 
those few determined men financed the pub- 
lication of a notice to all the former amateurs 
that could be located, hired Kenneth B. 
Warner as the League’s first paid secretary, 
floated a bond issue among old League mem- 
bers to obtain money for immediate running 
expenses, bought the magazine QST' to be the 
League’s official organ, started activities, and 
dunned officialdom until the wartime ban was 
lifted and amateur radio resumed again, on 
October 1, 1919. There was a headlong rush 
by amateurs to get back on the air. Gang- 
way for King Spark! Manufacturers were hard 
put to supply radio apparatus fast enough. 
Each night saw additional dozens of stations 
crashing out over the air. Interference? It was 
bedlam! 

But it was an era of progress. Wartime needs 
had stimulated technical development. Vac- 
uum tubes were being used both for receiving 
and transmitting. Amateurs immediately 
adapted the new gear to 200-meter work. 
Ranges promptly increased and it became 
possible to bridge the continent with but one 
intermediate relay. 


@ TRANSATLANTICS 


As DX became 1000, then 1500 and then 
2000 miles, amateurs began to dream of trans- 
atlantic work. Could they get across? In De- 
cember, 1921, ARRL sent abroad an expert 
amateur, Paul F. Godley, 2ZE, with the best 
receiving equipment available. Tests were run, 
and thirty American stations were heard in 
Europe. In 1922 another transatlantic test 
was carried out and 315 American calls were 
logged by European amateurs and one French 
a two British stations were heard on this 
side. 

Everything now was centered on one objec- 
tive: two-way amateur communication across 
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the Atlantic! It must be possible — but some- 
how it couldn’t quite be done. More power? 
Many already were using the legal maximum. 
Better receivers? They had superheterodynes. 
Another wavelength? What about those un- 
disturbed wavelengths below 200 meters? The 
engineering world thought they were worth- 
less — but they had said that about 200 met- 
ers. So, in 1922, tests between Hartford and 
Boston were made on 130 meters with encour- 
aging results. Early in 1923, ARRL-sponsored 
tests on wavelengths down to 90 meters were 
successful. Reports indicated that as the wave- 
length dropped the results were better. Excitement 
began to spread through amateur ranks. 

Finally, in November, 1923, after some 
months of careful preparation, two-way ama- 
teur transatlantic communication was accom- 
plished, when Schnell, 1MO, and Reinartz, 
1XAM (now W4CF and K6BJ, respectively) 
worked for several hours with Deloy, 8AB, 
in France, with all three stations on 110 me- 
ters! Additional stations dropped down to 
100 meters and found that they, too, could 
easily work two-way across the Atlantic. The 
exodus from the 200-meter region had started. 
The ‘‘short-wave”’ era had begun! 

By 1924 dozens of commercial companies 
had rushed stations into the 100-meter region. 
Chaos threatened, until the first of a series of 
national and international radio conferences 
partitioned off various bands of frequencies 
for the different services. Although thought 
still centered around 100 meters, League offi- 
cials at the first of these frequency-determining 
conferences, in 1924, wisely obtained amateur 
bands not only at 80 meters but at 40, 20, and 
even 5 meters. — 

Eighty meters proved so successful that 
“forty” was given a try, and QSOs with Aus- 
tralia, New Zealand and South Africa soon 
became commonplace. Then how about 20 me- 
ters? This new band revealed entirely unex- 
pected possibilities when 1XAM worked 6TS 
on the West Coast, direct, at high noon. The 
dream of amateur radio — daylight DX! — 
was finally true. 


@ PUBLIC SERVICE 


Amateur radio is a grand and glorious 
hobby but this fact alone would hardly merit 
such wholehearted support as is given it by 
our Government at international conferences. 
There are other reasons. One of these is a thor- 
ough appreciation by the military and civil de- 
fense authorities of the value of the amateur 
as a source of skilled radio personnel in time 
of war. Another asset is best described as ‘‘public 
service.” 

About 4000 amateurs had contributed their 
skill and ability in’17-’18. After the war it was 
only natural that cordial relations should pre- 
vail between the Army and Navy and the ama- 
teur. These relations strengthened in the next 
few years and, in gradual steps, grew into co- 
operative activities which resulted, in 1925, in 


Public Service 


the establishment of the Naval Communica- 
tions Reserve and the Army-Amateur Radio 
System (now the Military Affiliate Radio 
System). In World War II thousands of ama- 
teurs in the Naval Reserve were called to ac- 
tive duty, where they served with distinction, 
while many other thousands served in the 
Army, Air Forces, Coast Guard and Marine 
Corps. Altogether, more than 25,000 radio 
amateurs served in the armed forces of the 
United States. Other thousands were engaged 
in vital civilian electronic research, develop- 
ment and manufacturing. They also organized 
and manned the War Emergency Radio Serv- 
ice, the communications section of OCD. 

The “public-service” record of the amateur 
is a brilliant tribute to his work. These activi- 
ties can be roughly divided into two classes, 
expeditions and emergencies. Amateur co- 
operation with expeditions began in 1923 when 
a League member, Don Mix, 1TS, of Bristol, 
Conn. (now assistant technical editor of QST), 
accompanied MacMillan to the Arctic on the 
schooner Bowdoin with an amateur station. 
Amateurs in Canada and the U.S. provided the 
home contacts. The success of this venture was 
so outstanding that other explorers followed suit. 
During subsequent years a total of perhaps two 
hundred voyages and expeditions were assisted by 
amateur radio, the several explorations of the 
Antarctic being perhaps the best known. 

Since 1913 amateur radio has been the prin- 
cipal, and in many cases the only, means of 
outside communication in several hundred 
storm, flood and earthquake emergencies in 
this country. The 1936 and 1937 eastern states 
floods, the Southern California flood and Long 
Island-New England hurricane disaster in 1938, 
the Florida-Gulf Coast hurricanes of 1947, and 
the 1955 flood disasters called for the amateur’s 
greatest emergency effort. In these disasters 
and many others — tornadoes, sleet storms, 
forest fires, blizzards — amateurs played a major 
role in the relief work and earned wide com- 
mendation for their resourcefulness in effecting 
communication where all other means had failed. 
During 1938 ARRL inaugurated a new emer- 
gency-preparedness program, registering person- 
nel and equipment in its Emergency Corps and 
putting into effect a comprehensive program of 
‘cooperation with the Red Cross, and in 1947 a 
National Emergency Coordinator was appointed 
to full-time duty at League headquarters. 

The amateur’s outstanding record of organized 
preparation for emergency communications and 
performance under fire has been largely respon- 
sible for the decision of the Federal Government 
to set up special regulations and set aside special 
frequencies for use by amateurs in providing 
auxiliary communications for civil defense pur- 
poses in the event of war. Under the banner, 
“Radio Amateur Civil Emergency Service,” ama- 
teurs are setting up and manning community and 
area networks integrated with civil defense func- 
tions of the municipal governments. Should a war 
cause the shut-down of routine amateur activi- 


ties, the RACES will be immediately available in 
the national defense, manned by amateurs highly 
skilled in emergency communication. 


@ TECHNICAL DEVELOPMENTS 


Throughout these many years the amateur 
was careful not to slight experimental develop- 
ment in the enthusiasm incident to interna- 
tional DX. The experimenter was constantly 
at work on ever-higher frequencies, devising 
improved apparatus, and learning how to 
cram several stations where previously there 
was room for only one! In particular, the ama- 
teur pressed on to the development of the very 
high frequencies and his experience with five 
meters is especially representative of his in- 
itiative and resourcefulness and his ability to 
make the most of what is at hand. In 1924, first 
amateur experiments in the vicinity of 56 Me. 
indicated that band to be practically worth- 
less for DX. Nonetheless, great ‘“‘short-haul”’ 
activity eventually came about in the band 
and new gear was developed to meet its special 
problems. Beginning in 1934 a series of inves- 
tigations by the brilliant experimenter, Ross 
Hull (later QST’s editor), developed the theory 
of v.h.f. wave-bending in the lower atmos- 
phere and led amateurs to the attainment of 
better distances; while occasional manifesta- 
tions of ionospheric propagation, with still 
greater distances, gave the band uniquely er- 
ratic performance. By Pearl Harbor thousands 
of amateurs were spending much of their time 
on this and the next higher band, many having 
worked hundreds of stations at distances up to 
several thousand miles. Transcontinental 6- 
meter DX is not uncommon; during solar peaks, 
even the oceans have been bridged! It is a 
tribute to these indefatigable amateurs that 
today’s concept of v.h.f. propagation was de- 
veloped largely through amateur research. 

The amateur is constantly in the forefront of 
technical progress. His incessant curiosity, his 
eagerness to try anything new, are two reasons. 
Another is that ever-growing amateur radio 
continually overcrowds its frequency assign- 
ments, spurring amateurs to the development 
and adoption of new techniques to permit the 


A corner of the ARRL Icaboratory. 
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accommodation of more stations. For examples, 
amateurs turned from spark to c.w., designed 
more selective receivers, adopted crystal control 
and pure d.c. power supplies. From the ARRL’s 
own laboratory in 1932 came James Lamb’s “‘sin- 
gle-signal’’ superheterodyne — the world’s most 
advanced high-frequency radiotelegraph receiver 
—and, in 1936, the “noise-silencer” circuit. 
Amateurs are now turning to speech ‘“‘clippers”’ to 
reduce bandwidths of phone transmissions and 
‘‘single-sideband suppressed-carrier” systems as 
well as even more selectivity in receiving equip- 
ment for greater efficiency in spectrum use. 
During World War II, thousands of skilled 
amateurs contributed their knowledge to the 
development of secret radio devices, both in 
Government and private laboratories. Equally 
as important, the prewar technical progress by 
amateurs provided the keystone for the de- 
velopment of modern military communications 
equipment. Perhaps more important today 
than individual contributions to the art is the 
mass cooperation of the amateur body in 
Government projects such as propagation 
studies; each participating station is in reality 
a separate field laboratory from which re- 
ports are made for correlation and analysis. An 
outstanding example was varied amateur partici- 
pation in several activities of the International 
Geophysical Year program. ARRL, with Air 
Force sponsorship, conducted an intensive study 
of v.h.f. propagation phenomena — DX trans- 
missions via little-understood methods such as 
meteor and auroral reflections, and transequa- 
torial scatter. ARRL-affiliated clubs and groups 
have operated precision receiving antennas and 
apparatus to help track earth satellites via radio. 
For volunteer astronomers searching visually for the 
satellites, other amateurs have manned networks to 
provide instant radio reports of sightings to a cen- 
tral agency so that an orbit might be computed. 
Emergency relief, expedition contact, ex- 
perimental work and countless instances of 
other forms of public service — rendered, as 
they always have been and always will be, 
without hope or expectation of material re- 
ward — made amateur radio an integral part 
of our peacetime national life. The importance 
of amateur participation in the armed forces 
and in other aspects of national defense have 
emphasized more strongly than ever that ama- 
teur radio is vital to our national existence 


@ THE AMERICAN RADIO RELAY 
LEAGUE 


The ARRL is today not only the spokesman 
for amateur radio in this country but it is the 
largest amateur organization in the world. It is 
strictly of, by and for amateurs, is noncom- 
mercial and has no stockholders. The members 
of the League are the owners of the ARRL and 
QST. 

The League is pledged to promote interest in 
two-way amateur communication and experi- 
mentation. It is interested in the relaying of 
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The operating room at W1AW. 


messages by amateur radio. It is concerned with 
the advancement of the radio art. It stands for 
the maintenance of fraternalism and a high 
standard of conduct. It represents the amateur 
in legislative matters. 

One of the League’s principal purposes is to 
keep amateur activities so well conducted that 
the amateur will continue to justify his ex- 
istence. Amateur radio offers its followers 
countless pleasures and unending satisfaction. 
It also calls for the shouldering of responsi- 
bilities — the maintenance of high standards, 
a cooperative loyalty to the traditions of 
amateur radio, a dedication to its ideals and 
principles, so that the institution of amateur 
radio may continue to operate “‘in the public 
interest, convenience and necessity.” 

The operating territory of ARRL is divided 
into one Canadian and fifteen U. 8. divisions. 
The affairs of the League are managed by a 
Board of Directors. One director is elected 
every two years by the membership of each 
U.S. division, and one by the Canadian member- 
ship. These directors then choose the president 
and vice-president, who are also members of the 
Board. The secretary and treasurer are also ap- 
pointed by the Board. The directors, as represen- 
tatives of the amateurs in their divisions, meet 
annually to examine current amateur problems 
and formulate ARRL policies thereon. The di- 
rectors appoint a general manager to supervise 
the operations of the League and its headquarters, 
and to carry out the policies and instructions of 
the Board. 

ARRL owns and publishes the monthly 
magazine, QST. Acting as a bulletin of the 
League’s organized activities, QST also serves 
as a medium for the exchange of ideas and fos- 
ters amateur spirit. Its technical articles are 
renowned. It has grown to be the ‘‘amateur’s 
bible,” as well as one of the foremost radio 
magazines in the world. Membership dues in- 
clude a subscription to QST. 

ARRL maintains a model headquarters 
amateur station, known as the Hiram Percy 
Maxim Memorial Station, in Newington, 
Conn. Its call is W1AW, the call held by Mr. 
Maxim until his death and later transferred 
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to the League station by a special FCC action. 
Separate transmitters of maximum legal power 
on each amateur band have permitted the 
station to be heard regularly all over the 
world. More important, W1AW transmits on 
regular schedules bulletins of general interest 
to amateurs, conducts code practice as a 
training feature, and engages in two-way work 
on all popular bands with as many amateurs 
as time permits. 

At the headquarters of the League in West 
Hartford, Conn., is a well-equipped laboratory 
to assist staff members in preparation of 
technical material for QST and the Radio 
Amateur’s Handbook. Among its other ac- 
- tivities, the League maintains a Communica- 
tions Department concerned with the operat- 
ing activities of League members. A large field 
organization is headed by a Section Communi- 
cations Manager in each of the League’s 
seventy-three sections. There are appointments 
for qualified members in various fields, as out- 
lined in Chapter 24. Special activities and contests 
promote operating skill. A special section is 
reserved each month in QST for amateur news 
from every section of the country. 


@ AMATEUR LICENSING IN THE 
UNITED STATES 


Pursuant to the law, FCC has issued de- 
tailed regulations for the amateur service. 

A radio amateur is a duly authorized person 
interested in radio technique solely with a per- 
sonal aim and without pecuniary interest. Ama- 
teur operator licenses are given to U.S. citi- 
zens who pass an examination on operation 
and apparatus and on the provisions of law 
and regulations affecting amateurs, and who 
demonstrate ability to send and receive code. 
There are four available classes of amateur license 
— Novice, Technician, General (called ‘Condi- 
tional” if exam taken by mail), and Amateur 
‘Extra Class. Each has different requirements, the 
first two being the simplest and consequently con- 
_ veying limited privileges as to frequencies avail- 
_ able. Exams for Novice, Technician and Condi- 
tional classes are taken by mail under the super- 
vision of a volunteer examiner. Station licenses 
are granted only to licensed operators and permit 
communication between such stations for ama- 
teur purposes, i.e., for personal noncommercial 
aims flowing from an interest in radio technique. 
An amateur station may not be used for material 
compensation of any sort nor for broadcasting. 
Narrow bands of frequencies are allocated exclu- 
sively for use by amateur stations. Transmissions 
may be on any frequency within the assigned 
bands. All the frequencies may be used for c.w. 
telegraphy; some are available for radiotele- 
phone, others for special forms of transmission 
such as teletype, facsimile, amateur television or 
radio control. The input to the final stage of 
amateur stations is limited to 1000 watts and 
on frequencies below 144 Mc. must be ade- 
quately filtered direct current. Emissions must be 
free from spurious radiations. The licensee must 


provide for measurement of the transmitter 
frequency and establish a procedure for check- 
ing it regularly. A complete log of station oper- 
ation must be maintained, with specified data. 
The station license also authorizes the holder 
to operate portable and mobile stations subject 
to further regulations. All radio licensees are 
subject to penalties for violation of regulations. 

Amateur licenses are issued entirely free of 
charge. They can be issued only to citizens but 
that is the only limitation, and they are given 
without regard to age or physical condition to 
anyone who successfully completes the exam- 
ination. When you are able to copy code at the 
required speed, have studied basic transmitter 
theory and are familiar with the law and ama- 
teur regulations, you are ready to give serious 
thought to securing the Government amateur 
licenses which are issued you, after examina- 
tion by an FCC engineer (or by a volunteer, de- 
pending on the license class), through FCC at 
Washington. A complete up-to-the-minute dis- 
cussion of license requirements, and study guides 
for those preparing for the examinations, are to 
be found in an ARRL publication, The Radio 
Amateur’s License Manual, available from the 
American Radio Relay League, West Hartford 
7, Conn., for 50¢, postpaid. 


@ LEARNING THE CODE 


In starting to learn the code, you should 
consider it simply another means of conveying 


A didah N dahdit 

B dahdididit O dahdahdah 

Cc dahdidahdit P didahdahdit 

D dabdidit Q dahdahdidah 

E dit R didahdit 

F  dididahdit S. dididit 

G dahdahdit T dah 

H._ didididit U dididah 

I didit V_ didididah 

J didahdahdah W didahdah 

K dahdidah X dahdididah 

L didahdidit Y dahdidahdah 

M dahdah Ze dahdahdidit 

1 didahdahdahdah 6 dah didididit 

2 dididahdahdah 7 dahdahdididit 

3 didididahdah 8 dahdahdahdidit 
4 dididididah — 9 dahdahdahdahdit 
5 dididididit. 0 dahdahdahdahdah 


Period: didahdidahdidah. Comma: dahdah- 3 
dididahdah. “Question mark: dididahdahdidit. 
Error: didididididididit. Doubledash: h:dahdididi- 
dah. Wait: didahdididit. End of message: 
didahdidahdit. Invitation to transmit: dahdi- 
dah. th. End of work: didididahdidah. Fraction 
bar: dahdididahdit. 


Fig. 1-1 —The Continental (International Morse) code. 
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information. The spoken word is one method, 
the printed page another, and typewriting and 
shorthand are additional examples. Learning 
the code is as easy —or as difficult — as 
learning to type. 

The important thing in beginning to study 
code is to think of it as a language of sound, 
never as combinations of dots and dashes. It is 
easy to ‘‘speak’’ code equivalents by using 
“dit’’ and ‘‘dah,’’ so that A would be ‘‘didah”’ 
(the “t” is dropped in such combinations). The 
sound ‘‘di’’ should be staccato; a code char- 
acter such as ‘‘5”’ should sound like a machine- 
gun burst: dididididit! Stress each ‘‘dah”’ 
equally; they are underlined or italicized in 
this text because they should be slightly 
accented and drawn out. 

Take a few characters at a time. Learn them 
thoroughly in didah language before going 
on to new ones. If someone who is familiar 
with code can be found to ‘‘send”’ to you, 
either by whistling or by means of a buzzer 
or code oscillator, enlist his cooperation. 
Learn the code by listening to it. Don’t think 
about speed to start; the first requirement is 
to learn the characters to the point where 
you can recognize each of them without 
hesitation. Concentrate on any difficult letters. 
Learning the code is not at all hard; a simple 
booklet treating the subject in detail is another of 
the beginner publications available from the 
League, and is entitled, Learning the Radiotele- 
graph Code, 50¢ postpaid. 

Code-practice transmissions are sent by W1A W 
every evening at 2130 EST (EDST May through 
October). See Chapter 24, ‘Code Proficiency.” 


@ THE AMATEUR BANDS 


Amateurs are assigned bands of frequencies 
at approximate harmonic intervals throughout 
the spectrum. Like assignments to all services, 
they are subject to modification to fit the 
changing picture of world communications 
needs. Modifications of rules to provide for do- 
mestic needs are also occasionally issued by FCC, 
and in that respect each amateur should keep 
himself informed by WI1AW bulletins, QST re- 
ports, or by communication with ARRL Hq. 
concerning a specific point. 

In the adjoining table is a summary of the 
U. S. amateur bands on which operation is per- 
mitted as of our press date. Figures are mega- 
cycles. A®@ means an unmodulated carrier, Al 
means ¢c.w. telegraphy, A2 is tone-modulated c.w. 
telegraphy, A383 is amplitude-modulated phone 
(n.f.m. may also be used in such bands, except on 
1.8-2.0 Mc.), A4 is facsimile, A5 is television, 
nf{.m. designates narrow-band frequency- or 
phase-modulated radiotelephony, f.m. means fre- 
quency modulation, phone (including n.i.m.) or 
telegraphy, and F1 is frequency-shift keying. 
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80 3.500-4.000 — Al 
meters 3.500-3.800 — F1 
3.800—4.000 — A3 


7.000-7.300 — Al 
40m. 7.000-7.200 —F1 
7.200-7.300 — A3 


14.000-14.350 — Al 
20m. 14,000-14.200 — F1 
14.200-14.350 — A3 


21.000-21.450 — Al 
15m, 21.000-21.250 — F1 
21.250-21.450 — A3 


28.000—29.700 — Al 

10m. 28.500—29.700 — A3 
29.000-—29.700 — f.m, 

6 m, 50.0—50,1° >——"Al 


50.1-54 —Al, A2, A3, A4 
51-54 —AG 
52.5-54 —f.m. 
2m. 144-147.9 — A@, Al, A2, A3, A4, f.m, 
147.9-148 —Al 
220-225 —A@, Al, A2, A3, A4, f.m. 
420-4501 A@, Al, A2, A3, A4, AS, 
1,215-1,300 f f.m. 
2,300— 2,450 | 
3,500— 3,700 
5,650— 5,925 | AQ, Al, A2, A3, A4, 


10,000—10, 5002 
21,000—22,000 
All above 30,000 


1 Input power must not exceed 50 watts. 

2 No pulse permitted in this band. 

Notre: The bands 220 through 10,500 Me. are 
shared with the Government Radio Positioning 
Service, which has priority. 


Ad, f.m., pulse 


In addition, Al and A3 (except no n.f.m.) 
on portions of 1.800—2.000, as follows: 


Power (watts) 
Area Band, ke. Day Night 


Minn., Iowa, Wis., Mich., Pa., 1800-1825 500 200 
Md., Del. and states to north 


N.D., S. D., Nebr., Colo., N. 1975-2000 500* 200* 
Mex., and states west, including 
Hawaiian Ids. 


Okla., Kans., Mo., Ark., Ill., 1800-1825 200 50 
Ind., Ky., Tenn., Ohio., W. Va., 

Va., N.C.,S. C., and Texas (west 

of 99° W or north of 32° N) 

No operation elsewhere. 


* Except in state of Washington, 200 watts day, 50 watts 
night. 


Novice licensees may use the following 
frequencies, transmitters to be crystal- 
controlled and have a maximum power 
input of 75 watts. 


3.700-3. 750 Al 21.100—21.250 Al 
7. 150-7. 200 Al 145-147 Al, A2, 
A3, f.m, 


Technician licensees are permitted all 
amateur privileges in 50 Mc., 145-147 Me. 
and in the bands 220 Me. and above. 


CHAPTER 2 


Electrical Laws 


and Circuits 


@ ELECTRIC AND MAGNETIC 
FIELDS 


When something occurs at one point in space 
because something else happened at another 
point, with no visible means by which the ‘‘cause” 
can be related to the “effect,” we say the two 
events are connected by a field. In radio work, the 
fields with which we are concerned are the elec- 
tric and magnetic, and the combination of the two 
called the electromagnetic field. 

A field has two important properties, intensity 
(magnitude) and direction. The field exerts a 
force on an object immersed in it; this force 
represents potential (ready-to-be-used) energy, 
so the potential of the field is a measure of the 
field intensity. The direction of the field is the 
direction in which the object on which the force 
is exerted will tend to move. 

An electrically charged object in an electric 
field will be acted on by a force that will tend to 
move it in a direction determined by the direc- 
tion of the field. Similarly, a magnet in a magnetic 
field will be subject to a force. Everyone has seen 
demonstrations of magnetic fields with pocket 
magnets, so intensity and direction are not hard 
to grasp. , 

A “static” field is one that neither moves nor 
changes in intensity. Such a field can be set up 
by a stationary electric charge (electrostatic 
field) or by a stationary magnet (magnetostatic 
field). But if either an electric or magnetic field is 
moving in space or changing in intensity, the 
motion or change sets up the other kind of field. 
That is, a changing electric field sets up a mag- 
netic field, and a changing magnetic field gen- 
erates an electric field. This interrelationship 
between magnetic and electric fields makes pos- 
sible such things as the electromagnet and the 
electric motor. It also makes possible the electro- 
magnetic waves by which radio communication 
is carried on, for such waves are simply traveling 
fields in which the energy is alternately handed 
back and forth between the electric and mag- 
netic fields. 


Lines of Force 


Although no one knows what it is that com- 
poses the field itself, it is useful to invent a 
picture of it that will help in visualizing the 
forces and the way in which they act. 

A field can be pictured as being made up of 
lines of force, or flux lines. These are purely 
imaginary threads that show, by the direction 
in which they lie, the direction the object on 


which the force is exerted will move. The number 
of lines in a chosen cross section of the field is a 
measure of the intensity of the force. The number 
of lines per unit of area (square inch or square 
centimeter) is called the flux density. 


@ ELECTRICITY AND THE ELECTRIC 
CURRENT 


Everything physical is built up of atoms, par- 
ticles so small that they cannot be seen even 
through the most powerful microscope. But the 
atom in turn consists of several different kinds of 
still smaller particles. One is the electron, essen- 
tially a small particle of electricity. The quantity 
or charge of electricity represented by the elec- 
tron is, in fact, the smallest quantity of elec- 
tricity that can exist. The kind of electricity 
associated with the electron is called negative. 

An ordinary atom consists of a central core 
called the nucleus, around which one or more 
electrons circulate somewhat as the earth and 
other planets circulate around the sun. The 
nucleus has an electric charge of the kind of 
electricity called positive, the amount of its 
charge being just exactly equal to the sum of the 
negative charges on all the electrons associated 
with that nucleus. 

The important fact about these two ‘‘oppo- 
site” kinds of electricity is that they are strongly 
attracted to each other. Also, there is a strong 
force of repulsion between two charges of the 
same kind. The positive nucleus and the negative 
electrons are attracted to each other, but twa 
electrons will be repelled from each other and so 
will two nuclei. 

In a normal atom the positive charge on the 
nucleus is exactly balanced by the negative 
charges on the electrons. However, it is possible 
for an atom to lose one of its electrons. When that 
happens the atom has a little less negative charge 
than it should — that is, it has a net positive 
charge. Such an atom is said to be ionized, and 
in this case the atom is a positive ion. If an atom 
picks up an extra electron, as it sometimes does, 
it has a net negative charge and is called a 
negative ion. A positive ion will attract any stray 
electron in the vicinity, including the extra one 
that may be attached to a nearby negative ion. 
In this way it is possible for electrons to travel 
from atom to atom. The movement of ions or 
electrons constitutes the electric current. 

The amplitude of the current (its intensity or 
magnitude) is determined. by..the rate at which 
electric charge — an acct tion of electrons 
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or ions of the same kind — moves past a point in 
a circuit. Since the charge on a single electron or 
ion is extremely small, the number that must 
move as a group to form even a tiny current is 
almost inconceivably large. 


Conductors and Insulators 


Atoms of some materials, notably metals and 
acids, will give up an electron readily, but atoms 
of other materials will not part with any of their 
electrons even when the electric force is extremely 
strong. Materials in which electrons or ions can 
be moved with relative ease are called conductors, 
while those that refuse to permit such movement 
are called nonconductors or insulators. The fol- 
lowing list shows how some common materials 
are classified: 


Insulators 
Dry Air 
Wood 
Porcelain 
Textiles 
Glass 
Rubber 
Resins 


Conductors 


Metals 
Carbon 
Acids 


Electromotive Force 


The electric force or potential (called electro- 
motive force, and abbreviated e.m.f.) that causes 
current flow may be developed in several ways. 
The action of certain chemical solutions on dis- 
similar metals sets up an e.m.f.; such a combina- 
tion is called a cell, and a group of cells forms an 
electric battery. The amount of current that such 
cells can carry is limited, and in the course of 
current flow one of the metals is eaten away. The 
amount of electrical energy that can be taken 
from a battery consequently is rather small. 
Where a large amount of energy is needed it is 
usually furnished by an electric generator, which 
develops its e.m.f. by a combination of magnetic 
and mechanical means. 


Direct and Alternating Currents 


In picturing current flow it is natural to think 
of a single, constant force causing the electrons to 
move. When this is so, the electrons always move 
in the same direction through a path or circuit 
made up of conductors connected together in a 
continuous chain. Such a current is called a 
direct current, abbreviated d.c. It is the type of 
current furnished by batteries and by certain 
types of generators. 

_ It is also possible to have an e.m.f. that peri- 
odically reverses. With this kind of e.m.f. the 
current flows first in one direction through the 
circuit and then in the other. Such an e.m.f. is 
called an alternating e.m.f., and the current is 
called an alternating current (abbreviated a.c.). 
The reversals (alternations) may occur at any 
rate from a few per second up to several billion 
per second. Two reversals make a cycle; in one 
cycle the force acts first in one direction, then in 
the other, and then returns to the first direction 
to begin the next cycle. The number of cycles in 
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one second is called the frequency of the alter- 
nating current. 

The difference between direct current and 
alternating current is shown in Fig. 2-1. In these 
graphs the horizontal axis measures time, in-— 
creasing toward the right away from the vertical 
axis. The vertical axis represents the amplitude 
or strength of the current, increasing in either 
the up or down direction away from the hori- 
zontal axis. If the graph is above the horizontal 
axis the current is flowing in one direction through 
the circuit (indicated by the + sign) and if it is 
below the horizontal axis the current is flowing 
in the reverse direction through the circuit (indi- 
cated by the — sign). Fig. 2-1A shows that, if we 
close the circuit — that is, make the path for the 
current complete — at the time indicated by X, 
the current instantly takes the amplitude indi- 
eated by the height A. After that, the current 
continues at the same amplitude as time goes on. 
This is an ordinary direct current. 

In Fig. 2-1B, the current starts flowing with 
the amplitude A at time X, continues at that 
amplitude until time Y and then instantly ceases. 
After an interval YZ the current again begins to 
flow and the same sort of start-and-stop per- 
formance is repeated. This is an zntermattent direct, 
current. We could get it by alternately closing 
and opening a switch in the circuit. It is a direct 
current because the direction of current flow does 
not change; the graph is always on the + side of 
the horizontal axis. 

In Fig. 2-1C the current starts at zero, in- 
creases in amplitude as time goes on until it 
reaches the amplitude A; while flowing in the + 
direction, then decreases until it drops to zero 
amplitude once more. At that time (X) the 


(B) : 


Amplitude 
{—- Oo ——> + 


@ 
Amplitude 
i<——_ o ———— + 


Fig. 2-1—Three types of current flow. A—direct current; 
B—intermittent direct current; C—alternating current. 


Frequency and Wavelength 


direction of the current flow reverses; this is indi- 
cated by the fact that the next part of the graph 
is below the axis. As time goes on the amplitude 
increases, with the current now flowing in the — 
direction, until it reaches amplitude A». Then 
the amplitude decreases until finally it drops to 
zero (Y) and the direction reverses once more. 
This is an alternating current. 


Waveforms 


The type of alternating current shown in Fig. 
2-1C is known as a sine wave. The variations in 
many a.c. waves are not so smooth, nor is one 
half-cycle necessarily just like the preceding one 
in shape. However, these complex waves can be 
shown to be the sum of two or more sine waves of 
frequencies that are exact integral (whole-num- 
ber) multiples of some lower frequency. The 
lowest frequency is called the fundamental fre- 
quency, and the higher frequencies (2 times, 3 
times the fundamental frequency, and so on) are 
called harmonics. 

Fig. 2-2 shows how a fundamental and a 
second harmonic (twice the fundamental) might 
add to form a complex wave. Simply by changing 
the relative amplitudes of the two waves, as well 
as the times at which they pass through zero 
amplitude, an infinite number of waveshapes can 
be constructed from just a fundamental and 
second harmonic. Waveforms that are still more 
complex can be constructed if more harmonics 
are used. 


Electrical Units 


~The unit of electromotive force is called the 
volt. An ordinary flashlight cell generates an 
e.m.f. of about 1.5 volts. The e.m.f. commonly 
supplied for domestic lighting and power is 115 
volts, usually a.c. having a frequency of 60 cycles 
per second. The voltages used in radio receiving 
and transmitting circuits range from a few volts 
(usually a.c.) for filament heating to as high as 
several thousand d.c. volts for the operation of 
power tubes. 

The flow of electric current is measured in 
amperes. One ampere is equivalent to the move- 
ment of many billions of electrons past a point 
in the circuit in one second. Currents in the 
neighborhood of an ampere are required for heat- 
ing the filaments of small power tubes. The direct 
currents used in amateur radio equipment usually 
are not so large, and it is customary to measure 
such currents in milliamperes. One milliampere 
is equal to one one-thousandth of an ampere, or 
1000 milliamperes equal one ampere. 

A “d.c. ampere” is a measure of a steady cur- 
rent, but the ‘‘a.c. ampere’ must measure a 
current that is continually varying in amplitude 
and periodically reversing direction. To put the 
two on the same basis, an a.c. ampere is defined 
as the current that will cause the same heating 
effect as one ampere of steady direct current. 
For sine-wave a.c., this effective (or r.m.s., for 
root mean square, the mathematical derivation) 
value is equal to the maximum (or peak) ampli- 
tude (A, or Ag in Fig. 2-1C) multiplied by 0.707. 


FUNDAMENTAL 


TIME 


2ND HARMONIC 


TIME 


Fig. 2-2—A complex waveform. A fundamental (top) and 
second harmonic (center) added together, point by point 
at each instant, result in the waveform shown at the bot- 
tom. When the two components have the same polarity at 
a selected instant, the resultant is the simple sum of the 
two. When they have opposite polarities, the resultant is 
the difference; if the negative-polarity component is 
larger, the resultant is negative at that instant. 


The instantaneous value is the value that the 
current (or voltage) has at any selected instant 
in the cycle. If all the instantaneous values in a 
sine wave are averaged over a half-cycle, the 
resulting figure is the average value. It is equal 
to 0.636 times the maximum amplitude. 


@ FREQUENCY AND 
WAVELENGTH 


Frequency Spectrum 


Frequencies ranging from about 15 to 15,000 
cycles per second are called audio frequencies, 
because the vibrations of air particles that our 
ears recognize as sounds occur at a similar rate. 
Audio frequencies (abbreviated a.f.) are used to 
actuate loudspeakers and thus create sound 
waves. 

Frequencies above about 15,000 cycles are 
called radio frequencies (r.f.) because they are 
useful in radio transmission. Frequencies all the 
way. up to and beyond 10,000,000,000 cycles 
have been used for radio purposes. At radio fre- 
quencies the numbers become so large that it be- 
comes convenient to use a larger unit than the 
cycle. Two such units are the kilocycle, which is 
equal to 1000 cycles and is abbreviated ke., and 
the megacycle, which is equal to 1,000,000 cycles 
or 1000 kilocycles and is abbreciated Mc. 

The various radio frequencies are divided off 
into classifications for ready identification. These 
classifications, listed below, constitute the fre- 
quency spectrum so far as it extends for radio 
purposes at the present time. = 
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Frequency Classification Abbreviation 

10 to 30 ke. Very-low frequencies Vilit. 

30 to 300 ke. Low frequencies he 

300 to 3000 ke. Medium frequencies m.f. 

3 to 30 Me. High frequencies h.f. 

30 to 300 Me. Very-high frequencies v.h.f 
300 to 3000 Me. Ultrahigh frequencies u.h.f. 
3000 to 30,000 Me. Superhigh frequencies s.h.f. 


Wavelength 


Radio waves travel at the same speed as light 
— 300,000,000 meters or about 186,000 miles a 
second in space. They can be set up by a radio- 
frequency current flowing in a circuit, because 
the rapidly changing current sets up a magnetic 
field that changes in the same way, and the vary- 
ing magnetic field in turn sets up a varying elec- 
tric field. And whenever this happens, the two 
fields move outward at the speed of light. 

Suppose an r.f. current has a frequency of 
3,000,000 cycles per second. The fields will 
go through complete reversals (one cycle) in 
1/3,000,000 second. In that same period of time 
the fields —that is, the wave — will move 
300,000,000/3,000,000 meters, or 100 meters. 
By the time the wave has moved that distance 


the next cycle has begun and a new wave has 
started out. The first wave, in other words, covers 
a distance of 100 meters before the beginning of 
the next, and so on. This distance is the wave- 
length. 

The longer the time of one cycle — that is, the 
lower the frequency — the greater the distance 
occupied by each wave and hence the longer the 
wavelength. The relationship between wave- 
length and frequency is shown by the formula 


300,000 
h=—— 
f 


where \ = Wavelength in meters 
f = Frequency in kilocycles 


or » = 200 


I 
where \ = Wavelength in meters 
f = Frequency in megacycles 
Example: The wavelength corresponding to a 
frequency of 3650 kilocycles is 
_ 300,000 
3650 


= 82.2 meters 


Resistance 


Given two conductors of the same size and 
shape, but of different materials, the amount of 
current that wiil flow when a given e.m.f. is 
applied will be found to vary with what is called 
the resistance of the material. The lower the re- 
sistance, the greater the current for a given value 
of e.m.f. 

Resistance is measured in ohms. A circuit has 
a resistance of one ohm when an applied e.m.f. 
of one volt causes a current of one ampere to 
flow. The resistivity of a material is the resistance, 
in ohms, of a cube of the material measuring one 
centimeter on each edge. One of the best con- 
ductors is copper, and it is frequently convenient, 
in making resistance calculations, to compare 
the resistance of the material under consideration 
with that of a copper conductor of the same size 
and shape. Table 2-I gives the ratio of the re- 
sistivity of various conductors to that of copper. 

The longer the path through which the current 
flows the higher the resistance of that conductor. 
For direct current and low-frequency alternating 


TABLE 2-I 
Relative Resistivity of Metals 
Resistigity 
Material Compared to Copper 


Aluminum (pure) 


Copper (hard-drawn) 
opper (annealed) 
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currents (up to a few thousand cycles per second) 
the resistance is ztnversely proportional to the 
cross-sectional area of the path the current must 
travel; that is, given two conductors of the same 
material and having the same length, but differ- 
ing in cross-sectional area, the one with the 
larger area will have the lower resistance. 


Resistance of Wires 


The problem of determining the resistance of 
a round wire of given diameter and length — or 
its opposite, finding a suitable size and length of 
wire to supply a desired amount of resistance — 
can be easily solved with the help of the copper- 
wire table given in a later chapter. This table 
gives the resistance, in ohms per thousand feet, 
of each standard wire size. 

Example: Suppose a resistance of 3.5 ohms is 

needed and some No. 28 wire is on hand. The 

wire table in Chapter 20 shows that No. 28 has 

a resistance of 66.17 ohms per thousand feet. 


Since the desired resistance is 3.5 ohms, the 
length of wire required will be 
3.5 

—— XX 1000 = 52.89 feet. 

66.17 °° ei 
Or, suppose that the resistance of the wire in 
the circuit must not exceed 0.05 ohm and that 
the length of wire required for making the con- 
nections totals 14 feet. Then 


where F is the maximum allowable resistance in 
ohms per thousand feet. Rearranging the for- 
mula gives 
pi 0.05 X 1000 
14 
Reference to the wire table shows that No. 15 is 


the smallest size having a resistance less than 
this value. 


= 3.57 ohms/1000 ft, 


When the wire is not copper, the resistance 
values given in the wire table should be multi- 


Resistance 


Types of resistors used in radio equip- 
ment. Those in the foreground with wire 
leads are carbon types, ranging in size 
from 2 watt at the left to 2 watts at 
the right. The larger resistors use re- 
sistance wire wound on ceramic tubes; 
sizes shown range from 5 watts to 100 
watts. Three are of the adjustable type, 
having a sliding contact on an exposed 
section of the resistance winding. 


plied by the ratios given in Table 2-I to obtain 
the resistance. 
Example: If the wire in the first example were 


iron instead of copper the length required for 
3.5 ohms would be 


3.9 


——_——— X 1000 = 9.35 feet. 
66.17 X 5.65 


Temperature Effects 


The resistance of a conductor changes with 
its temperature. Although it is seldom necessary 
to consider temperature in making resistance 
calculations for amateur work, it is well to know 
that the resistance of practically all metallic 
conductors increases with increasing tempera- 
ture. Carbon, however, acts in the opposite way; 
its resistance decreases when its temperature rises. 
The temperature effect is important when it is 
necessary to maintain a constant resistance under 
all conditions. Special materials that have little 
or no change in resistance over a wide tempera- 
ture range are used in that case. 


Resistors . 


A “package” of resistance made up into a 
single unit is called a resistor. Resistors having 
the same resistance value may be considerably 
different in size and construction. The flow of 
current through resistance causes the conductor 
to become heated; the higher the resistance and 
the larger the current, the greater the amount of 
heat developed. Resistors intended for carrying 
large currents must be physically large so the heat 
ean be radiated quickly to the surrounding air. 
If the resistor does not get rid of the heat quickly 
it may reach a temperature that will cause it to 
melt or burn. 


Skin Effect 


The resistance of a conductor is not the same 
for alternating current as it is for direct current. 
When the current is alternating there are internal 
effects that tend to force the current to flow 
mostly in the outer parts of the conductor. This 
decreases the effective cross-sectional area of the 
conductor, with the result that the resistance 
increases. 


For low audio frequencies the increase in re- 
sistance is unimportant, but at radio frequencies 
this skin effect is so great that practically all the 
current flow is confined within a few thousandths 
of an inch of the conductor surface. The r.f. 
resistance is consequently many times the d.c. 
resistance, and increases with increasing fre- 
quency. In the r.f. range a conductor of thin 
tubing will have just as low resistance as a solid 
conductor of the same diameter, because material 
not close to the surface carries practically no 
current. 


Conductance 


The reciprocal of resistance (that is, 1/R) is 
called conductance. It is usually represented by 
the symbol G. A circuit having large conductance 
has low resistance, and vice versa. In radio work 
the term is used chiefly in connection with 
vacuum-tube characteristics. The unit of con- 
ductance is the mho. A resistance of one ohm has 
a conductance of one mho, a resistance of 1000 
ohms has a conductance of 0.001 mho, and so on. 
A unit frequently used in connection with vacuum 
tubes is the micromho, or one-millionth of a mho. 
It is the conductance of a resistance of one 
megohm. 


@ oum's LAW 


The simplest form of electric circuit is a bat- 
tery with a resistance connected to its terminals, 
as shown by the symbols in Fig. 2-3. A complete 
circuit must have an unbroken path so current 


Fig. 2-3—A simple circuit 
consisting of a battery and 
resistor, 


— Batt. 


can flow out of the battery, through the apparatus 
connected to it, and back into the battery. The 
circuit is broken, or open, if a connection is re- 
moved at any point. A switch is a device for 
making and breaking connections and thereby 
closing or opening the circuit, either allowing 
current to flow or preventing it from flowing. 
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TABLE 2-II 


Conversion Factors for Fractional and 
Multiple Units 


To change from To Divide by | Multiply by 
Units Micro-units 1,000,000 

Milli-units 1000 
Kilo-units 1000 
Mega-units | 1,000,000 

Micro-units | Milli-units 1000 
Units 1,000,000 

Milli-units Micro-units 1000 
Units 1000 

Kilo-units Units 1000 
Mega-units 1000 

Mega-units {| Units 1,000,000 
Kilo-units 1000 


The values of current, voltage and resistance 
in a circuit are by no means independent of each 
other. The relationship between them is known 
as Ohm’s Law. It can be stated as follows: The 
current flowing in a circuit is directly propor- 
tional to the applied e.m.f. and inversely propor- 
tional to the resistance. Expressed as an equa- 
tion, it is 
E (volts) 

R (ohms) 


The equation above gives the value of current 
when the voltage and resistance are known. 
It may be transposed so that each of the three 
quantities may be found when the other two are 
known: 


I (amperes) = 


E=I1R 


(that is, the voltage acting is equal to the cur- 
rent in amperes multiplied by the resistance in 
ohms) and 


E 
: I 
(or, the resistance of the circuit is equal to the 
applied voltage divided by the current). 

All three forms of the equation are used almost 
constantly in radio work. It must be remembered 
that the quantities are in volts, ohms and amperes; 
other units cannot be used in the equations 
without first being converted. For example, if the 
current is in milliamperes it must be changed to 
the equivalent fraction of an ampere before the 
value can be substituted in the equations. 

Table 2-II shows how to convert between the 
various units in common use. The prefixes at- 
tached to the basic-unit name indicate the nature 
of the unit. These prefixes are: 


micro — one-millionth (abbreviated yz) 
milli — one-thousandth (abbreviated m) 
kilo — one thousand (abbreviated k) 

mega — one million (abbreviated M) 


For example, one microvolt is one-millionth of 
a volt, and one megohm is 1,000,000 ohms. There 
are therefore 1,000,000 microvolts in one volt, 
and 0.000001 megohm in one ohm. 
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The following examples illustrate the use of 
Ohm’s Law: 

The current flowing in a resistance of 20,000 
ohms is 150 milliamperes. What is the voltage? 
Since the voltage is to be found, the equation to 
use is H = IR. The current must first be con- 
verted from milliamperes to amperes, and refer- 
ence to the table shows that to do so it is neces- 
sary to divide by 1000. Therefore, 


150 
E = — X 20,000 = 3000 volts 
1000 * vo 
When a voltage of 150 is applied to a circuit 
the current is measured at 2.5 amperes. What is 
the resistance of the circuit? In this case RF is the 
unknown, so 


No conversion was necessary because the volt- 

age and current were given in volts and amperes. 

How much current will flow if 250 volts is ap- 

plied to a 5000-ohm resistor? Since J is unknown. 
BE 250 


y fee es 5000 = 0.05 ampere 


Milliampere units would be more convenient for 
the current, and 0.05 amp. X 1000 = 50 mil- 
liamperes. 


@ SERIES AND PARALLEL 
RESISTANCES 


Very few actual electric circuits are as simple 
as the illustration in the preceding section. Com- 
monly, resistances are found connected in a 


SERIES 


Fig. 2-4—Resistors 
connected in series 
and in parallel. 


PARALLEL 


variety of ways. The two fundamental methods 
of connecting resistances are shown in Fig. 2-4. 
In the upper drawing, the current flows from the 
source of e.m.f. (in the direction shown by the 
arrow, let us say) down through the first re- 
sistance, Ri, then through the second, Re, and 
then back to the source. These resistors are con- 
nected in series. The current everywhere in the 
circuit has the same value. 

In the lower drawing the current flows to the 
common connection point at the top of the two 
resistors and then divides, one part of it flowing 
through R, and the other through Re. At the 
lower connection point these two currents again 
combine; the total is the same as the current 
that flowed into the upper common connection. 
In this case the two resistors are connected in 
parallel. 


Series and Parallel Resistance 


Resistors in Series 


When a circuit has a number of resistances 
connected in series, the total resistance of the 
circuit is the sum of the individual resistances. 
If these are numbered R;, Ro, Rs, etc., then 

R (total) =R,+Reo+R3+ Rg + ati ee a 
where the dots indicate that as many resistors as 
necessary may be added. 

Example: Suppose that three resistors are 
connected to a source of e.m.f. as shown in Fig. 
2-5. The e.m.f. is 250 volts, R1 is 5000 ohms, 


R2z is 20,000 ohms, and #3 is 8000 ohms. The 
total resistance is then 


R = Ri + Re + Kz = 5000 + 20,000 + 8000 
= 33,000 ohms 


The current flowing in the circuit is then 


= = 00079 (-amMp.. = 1.90.ma, 
R 33,000 


(We need not carry calculations beyond three 
significant figures, and often two will suffice 
because the accuracy of measurements is seldom 
better than a few per cent.) 


Voltage Drop 


Ohm’s Law applies to any part of a circuit as 
well as to the whole circuit. Although the cur- 
rent is the same in all three of the resistances 
in the example, the total voltage divides among 
them. The voltage appearing across each resistor 
(the voltage drop) can be found from Ohm’s Law. 

Example: If the voltage across Ri (Fig. 2-5) 


is called £1, that across Re is called He, and that 
across R3 is called H3, then 


E, =IR1 = 0.00757 X 5000 = 37.9 volts 
Ee = IR2 = 0.00757 X 20,000 = 151.4 volts 
E3 = IR3 = 0.00757 X 8000 = 60.6 volts 


The applied voltage must equal the sum of the 
individual voltage drops: 


BE=&+ E£o+ E3 = 37.9 + 151.4 + 60.6 
= 249.9 volts 


The answer would have been more nearly exact 
if the current had been calculated to more deci- 
mal places, but as explained above a very high 
order of accuracy is not necessary. 


In problems such as this considerable time and 
trouble can be saved, when the current is small 
enough to be expressed in milliamperes, if the 


Fig. 2-5—An example 

of resistors in series. 

The solution of the cir- 

cuit is worked out in the 
text. 


resistance is expressed in kilohms: rather than 
ohms. When resistance in kilohms is substituted 
directly in Ohm’s Law the current will be in 
milliamperes if the e.m.f. is in volts. 


Resistors in Parallel 


In a circuit with resistances in parallel, the 
total resistance is less than that of the lowest 
value of resistance present. This is because the 


total current is always greater than the current 
in any individual resistor. The formula for finding 
the total resistance of resistances in parallel is 


1 
sft RC NSE Ug elt than 
tee aga Bare acer 
R 1 Ro Rs R4 
where the dots again indicate that any number 
of resistors can be combined by the same method. 
For only two resistances in parallel (a very com- 
mon case) the formula becomes 

RiRe 
Ri + Re 

Example: If a 500-ohm resistor is paralleled 
with one of 1200 ohms, the total resistance is 
__ Fike _ 500 X 1200 _ 600,000 

Ri+ Re 500+ 1200 1700 

= 353 ohms 


It is probably easier to solve practical prob- 
lems by a different method than the “reciprocal 
of reciprocals” formula. Suppose the three re- 


R= 


20,000 8000 


Fig. 2-6—An example of resistors in parallel. The solution 
is worked out in the text. 


sistors of the previous example are connected in 
parallel as shown in Fig. 2-6. The same e.m.f., 
250 volts, is applied to all three of the resistors. 
The current in each can be found from Ohm’s 
Law as shown below, J; being the current 
through FR, 7, the current through R»z and J; the 
current through R3. 


For convenience, the resistance will be expressed 
in kilohms so the current will be in milliamperes. 


Nh _# _ 250 = 50 ma 
Ri 5 
e 
es ew ga 
Re 20 
fee ei ar a ee 
R3 8 


The total current is 
I=h+/24+ 73 = 50+ 12.5 + 31.25 


= 93.75 ma. 
The total resistance of the circuit is therefore 
E ; 
= i = au = 2.66 kilohms ( = 2660 ohms) 


Resistors in Series-Parallel 


An actual circuit may have resistances both in 
parallel and in series. To illustrate, we use the 
same three resistances again, but now connected 
as in Fig. 2-7. The method of solving a circuit 
such as Fig. 2-7 is as follows: Consider Re 
and #3 in parallel as though they formed a 
single resistor. Find their equivalent resistance. 
Then this resistance in series with R, forms a 
simple series circuit, as shown at the right in 
Fig. 2-7. 
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in parallel) 


Fig. 2-7—An example of resistors in series-parallel. The 
equivalent circuit is at the right. The solution is worked 
out in the text. 


Example: The first step is to find the equiva- 
lent resistance of Re and R3. From the formula 
for two resistances in parallel, 


= 5.71 kilohms 


The total resistance in the circuit is then 

R = Rit Req. = 5 + 5.71 kilohms 
= 10.71 kilohms 

The current is 

E _ 250 

R 10.71 

The voltage drops across Ri and Req. are 

Ey =IR1 = 23.3 X 5 = 117 volts 

Eg =TFReq. = 23.3 X 5.71. = 133 volts 

with sufficient accuracy. These total 250 volts, 

thus checking the calculations so far, because 


the sum of the voltage drops must equal the 
applied voltage. Since H2 appears across both Re 


= 23.3 ma. 


and Fa, 
te = hehe 
Re 20 
= Ee = a8 = 16.6 ma 
R3 8 


where J2 = Current through Re 
Ig = Current through R3 


The total is 23.25 ma., which checks closely 
enough with 23.3 ma., the current through the 
whole circuit. 


@ POWER AND ENERGY 


Power — the rate of doing work —is equal 
to voltage multiplied by current. The unit of 
electrical power, called the watt, is equal to one 
volt multiplied by one ampere. The equation 
for power therefore is 


P= hi 
where P = Power in watts 
E = E.m.f. in volts 

I = Current in amperes 


Common fractional and multiple units for 
power are the milliwatt, one one-thousandth of 
a watt, and the kilowatt, or one thousand watts. 

Example: The plate voltage on a transmitting 
vacuum tube is 2000 volts and the plate current 
is 350 milliamperes. (The current must be 
changed to amperes before substitution in the’ 
formula, and so is 0.35 amp.) Then 


P = EI = 2000 X 0.35 = 700 watts 
By substituting the Ohm’s Law equivalents 
for E and J, the following formulas are obtained 
for power: 


FE? 
Rees 
Peel ie 


These formulas are useful in power calculations 
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when the resistance and either the current or 
voltage (but not both) are known. 
Example: How much power will be used up 
in a 4000-ohm resistor if the voltage applied to 
it is 200 volts? From the equation 
Ls E? a (200)2 = 40,000 
R 4000 ~ 4000 


P = 10 watts 


‘Or, suppose a current of 20 milliamperes flows 
through a 300-ohm resistor. Then 
P =I?R = (0.02)? X 300 = 0.0004 X 300 
= 0.12 watt 


Note that the current was changed from mil- 
liamperes to amperes before substitution in the 
formula. 


Electrical power in a resistance is turned 
into heat. The greater the power the more 
rapidly the heat is generated. Resistors for radio 
work are made in many sizes, the smallest being 
rated to “dissipate” (or carry safely) about 14 
watt. The largest resistors used in amateur equip- 
ment will dissipate about 100 watts. 


Generalized Definition of Resistance 


Electrical power is not always turned into heat. 
The power used in running a motor, for example, 
is converted to mechanical motion. The power 
supplied to a radio transmitter is largely con- 
verted into radio waves. Power applied to a loud- 
speaker is changed into sound waves. But in every 
case of this kind the power is completely “used 
up” — it cannot be recovered. Also, for proper 
operation of the device the power must be sup- 
plied at a definite ratio of voltage to current. 
Both these features are characteristics of resist- 
ance, so it can be said that any device that dissi- 
pates power has a definite value of “resistance.” 
This concept of resistance as something that 
absorbs power at a definite voltage/current ratio 
is very useful, since it permits substituting a 
simple resistance for the load or power-consum- 
ing part of the device receiving power, often with 
considerable simplification of calculations. Of 
course, every electrical device has some resistance 
of its own in the more narrow sense, so a part of 
the power supplied to it is dissipated in that 
resistance and hence appears as heat even though 
the major part of the power may be converted to 
another form. 


Efficiency 


In devices such as motors and vacuum tubes, 
the object is to obtain power in some other 
form than heat. Therefore power used in heat- 
ing is considered to be a loss, because it is not 
the useful power. The efficiency of a device is 
the useful power output (in its converted form) 
divided by the power input to the device. 
In a vacuum-tube transmitter, for example, 
the object is to convert power from a d.e. 
source into a.c. power at some radio frequency. 
The ratio of the r.f. power output to the d.e. 
input is the efficiency of the tube. That is, 


5 ees 
ie ey 


Capacitance 


where Eff. = Efficiency (as a decimal) 
P. = Power output (watts) 
= Power input (watts) 


Example: If the d.c. input to the tube is 100 
watts and the r.f. power output is 60 watts, the 
efficiency is 


Efficiency is usually expressed as a percentage; 
that is, it tells what per cent of the input power 
will be available as useful output. The efficiency 
in the above example is 60 per cent. 


Energy 


In residences, the power company’s bill is 
for electric energy, not for power. What you 
pay for is the work that electricity does for 
you, not the rate at which that work is done. 


Electrical work is equal to power multiplied by 
time; the common unit is the watt-hour, which 
means that a power of one watt has been used 
for one hour. That is, 


W = PL 
where W = Energy in watt-hours 
P = Power in watts 
T = Time in hours 


Other energy units are the kilowatt-hour and 
the watt-second. These units should be self- 
explanatory. 

Energy units are seldom used in amateur 
practice, but it is obvious that a small amount 
of power used for a long time can eventually 
result in a “power” bill that is just as large as 
though a large amount of power had _ been 
used for a very short time. 


Capacitance 


Suppose two flat metal plates are placed close 
to each other (but not touching) and are con- 
nected to a battery through a switch, as shown in 
Fig. 2-8. At the instant the switch is closed, elec- 
trons will be attracted from the upper plate to the 
positive terminal of the battery, and the same 
number will be repelled into the lower plate from 


Fig. 2-8—A 
simple ca- 
pacitor. 


Metal Plates 


the negative battery terminal. Enough electrons 
move into one plate and out of the other to make 
the e.m.f. between them the same as the e.m.f. of 
the battery. 

If the switch is opened after the plates have 
been charged in this way, the top plate is left with 
a deficiency of electrons and the bottom plate 
with an excess. The plates remain charged despite 
the fact that the battery no longer is connected. 
However, if a wire is touched between the two 
plates (short-circuiting them) the excess electrons 
on the bottom plate will flow through the wire to 
the upper plate, thus restoring electrical neutral- 
ity. The plates have then been discharged. 

The two plates constitute an electrical capacitor, 
and from the discussion above it should be clear 
that a capacitor possesses the property of storing 
electricity. (The energy actually is stored in the 
electric field between the plates.) It should also 
be clear that during the time the electrons are 
moving — that is, while the capacitor is being 
charged or discharged — a current is flowing in 
the circuit even though the circuit is ‘‘broken” 
by the gap between the capacitor plates. How- 
ever, the current flows only during the time of 
charge and discharge, and this time is usually 
very short. There can be no continuous flow of 
direct current “through” a capacitor. 


The charge or quantity of electricity that 
can be placed on a capacitor is proportional to 
the applied voltage and to the capacitance of the 
capacitor. The larger the plate area and the 
smaller the spacing between the plate the greater 
the capacitance. The capacitance also depends 
upon the kind of insulating material between the 
plates; it is smallest with air insulation, but sub- 
stitution of other insulating materials for air may 
increase the capacitance many times. The ratio 
of the capacitance with some material other 
than air between the plates, to the capacitance 
of the same capacitor with air insulation, is 
called the dielectric constant of that particular 
insulating material. The material itself is called 
a dielectric. The dielectric constants of a number 
of materials commonly used as dielectrics in 
capacitors are given in Table 2-III. If a sheet 
of photographic glass is substituted for air be- 
tween the plates of a capacitor, for example, the 
capacitance will be increased 7.5 times. 


TABLE 2-Ill 
Dielectric Constants and Breakdown Voltages 


Puncture 
Voltage ** 


Dielectric 


Material Constant * 


Air 

Alsimag 196 
Bakelite 
Bakelite, mica-filled 
Cellulose acetate 
Fiber 

Formica 

Glass, window 
Glass, Pyrex 
Mica, ruby 
Mycalex 

Paper, Royalgrey 
Plexiglass 
Polyethylene 
Polystyrene 
Porcelain 
Quartz, fused 
Steatite, low-loss 
Teflon 


*At1 Me. 
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Units 


The fundamental unit of capacitance is the 
farad, but this unit is much too large for prac- 
tical work. Capacitance is usually measured in 
microfarads (abbreviated yf.) or micromicro- 
farads (uuf.). The microfarad is one-millionth 


Fig. 2-9—A multiple-plate capacitor. Alternate plates are 
connected together. 


of a farad, and the micromicrofarad is one-mil- 
lionth of a microfarad. Capacitors nearly always 
have more than two plates, the alternate plates 
being connected together to form two sets as 
shown in Fig. 2-9. This makes it possible to attain 
a fairly large capacitance in a small space, since 
several plates of smaller individual area can be 
stacked to form the equivalent of a single large 
plate of the same total area. Also, all plates, 
except the two on the ends, are exposed to plates 
of the other group on both szdes, and so are twice 
as effective in increasing the capacitance. 

The formula for calculating capacitance is: 


C = 0.20 = 4 (n — 1) 


where C = Capacitance in uf. 
K = Dielectric constant of material be- 
tween plates 
A = Area of one side of one plate in 
square inches 
d = Separation of plate surfaces in inches 
n = Number of plates 


If the plates in one group do not have the same 
area as the plates in the other, use the area of 
the smaller plates. 

The usefulness of a capacitor in electrical 
circuits lies in the fact that it can be charged 
with electrical energy at one time and then dis- 
charged at a later time. In other words, it is an 
“electrical reservoir.” 


Capacitors in Radio 


The types of capacitors used in radio work 
differ considerably in physical size, construction, 
and capacitance. Some representative types are 
shown in the photograph. In variable capacitors 
(almost always constructed with air for the 
dielectric) one set of plates is made movable with 
respect to the other set so that the capacitance 
can be varied. Fixed capacitors — that is, assem- 
bles having a single, non-adjustable value of 
capacitance — also can be made with metal 
plates and with air as the dielectric, but usually 
are constructed from plates of metal foil with a 
thin solid or liquid dielectric sandwiched in be- 
tween, so that a relatively large capacitance 
can be secured in a small unit. The solid dielectrics 
commonly used are mica, paper and _ special 
ceramics. An example of a liquid dielectric is 
mineral oil. The electrolytic capacitor uses alumi- 
num-foil plates with a semiliquid conducting 
chemical compound between them; the actual 
dielectric is a very thin film of insulating ma- 
terial that forms on one set of plates through 
electrochemical action when a d.c. voltage is 
applied to the capacitor. The capacitance ob- 
tained with a given plate area in an electrolytic 
capacitor is very large, compared with capacitors 
having other dielectrics, because the film is so 
extremely thin — much less than any thickness 
that is practicable with a solid dielectric. 


Voltage Breakdown 


When a high voltage is applied to the plates 
of a capacitor, a considerable force is exerted 
on the electrons and nuclei of the dielectric. 
Because the dielectric is an insulator the elec- 
trons do not become detached from atoms the 
way they do in conductors. However, if the 
force is great enough the dielectric will “break 
down”; usually it will puncture and may char 
Gif it is solid) and permit current to flow. The 
breakdown voltage depends upon the kind and 
thickness of the dielectric, as shown in Table 
2-lII. It is not directly proportional to the 
thickness; that is, doubling the thickness does 
not quite double the breakdown voltage. If the 
dielectric is air or any other gas, breakdown is 


Fixed and variable capacitors. The 
large unit at the left is a transmitting- 
type variable capacitor for r.f. tank 
circuits. To its right are other air- 
dielectric variables of different sizes 
ranging from the midget “air padder” 
to the medium-power tank capacitor 
at the top center. The cased capacitors 
in the top row are for power-supply 
filters, the cylindrical-can unit being an 
electrolytic and the rectangular one 
a paper-dielectric capacitor. Various 
types of mica, ceramic, and paper- 
dielectric capacitors are in the fore- 
ground. 


Capacitors 


evidenced by a spark or arc between the plates, 
but if the voltage is removed the are ceases and 
the capacitor is ready for use again. Break- 
down will occur at a lower voltage between 
pointed or sharp-edged surfaces than between 
rounded and polished surfaces; consequently, 
the breakdown voltage between metal plates of 
given spacing in air can be increased by buffing 
the edges of the plates. 

Since the dielectric must be thick to with- 
stand high voltages, and since the thicker the 
dielectric the smaller the capacitance for a given 
plate area, a high-voltage capacitor must have 
more plate area than a low-voltage one of the 
same capacitance. High-voltage high-capacitance 
capacitors are physically large. 


@ CAPACITORS IN SERIES AND 
PARALLEL 


The terms ‘parallel’ and “series” when used 
with reference to capacitors have the same circuit 
meaning as with resistances. When a number of 
capacitors are connected in parallel, as in Fig. 
2-10, the total capacitance of the group is equal 
to the sum of the individual capacitances, so 


C (total) =C,4+C2.4+C3+Catecereseeeee 


However, if two or more capacitors are 
connected in series, as in the second drawing, 
the total capacitance is less than that of the 
smallest capacitor in the group. The rule for 
finding the capacitance of a number of series- 
connected capacitors is the same as that for 
finding the resistance of a number of parallel- 
connected resistors. That is, 


C (total) = 


and, for only two capacitors in series, 


C1iC2 
C (total) C+ G 

The same units must be used’ throughout; 
that is, all capacitances must be expressed in 
either uf. or wyuf.; both kinds of units cannot be 
used in the same equation. 

Capacitors are connected in parallel to ob- 
tain a larger total capacitance than is available 
in one unit. The largest voltage that can be ap- 
plied safely to a group of capacitors in parallel 
is the voltage that can be applied safely to the 
one having the lowest voltage rating. 

When capacitors are connected in series, the 
applied voltage is divided up among them; the 
situation is much the same as when resistors 
are in series and there is a voltage drop across 
each. However, the voltage that appears across 
each capacitor of a group connected in series 
is in inverse proportion to its capacitance, as 


of EMF of = ol: 
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Fig. 2-10—Capac- 
itors in parallel and 
orreaga in series. 
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compared with the capacitance of the whole 
group. 


Example: Three capacitors having capaci- 
tances of 1, 2 and 4 uf., respectively, are con- 
nected in series as shown in Fig. 2-11. The total 
capacitance is 


‘ee : te : Psu 
1 1 Ee Sen Caos, Bans asic pee w g 
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= 0.571 uf. 


The voltage across each capacitor is propor- 
tional to the total capacitance divided by the ca- 
pacitance of the capacitor in question, so the 
voltage across C1 is 


1 
Ey = o. a xX 2000 = 1142 volts 


Similarly, the voltages across C2 and C3 are 


E2 = sh “an < 2000 = 571 volts 


£3 = a oan X 2000 = 286 volts 


totaling approximately 2000 volts, the applied 
voltage. 


Capacitors are frequently connected in series 
to enable the group to withstand a larger voltage 
(at the expense cf decreased total capacitance) 
than any individual capacitor is rated to stand. 
However, as shown by the previous example, the 
applied voltage does not divide equally among 
the capacitors (except when all the capacitances 
are the same) so care must be taken to see that 
the voltage rating of no capacitor in the group 
is exceeded. 


Ey 


ae 


opf 


: “| 
4ut 


Es Cz 


£=2000V. 


Fig. 2-11—An example of capacitors connected in series. 
The solution to this arrangement Is worked out in the text. 
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2—-ELECTRICAL LAWS AND CIRCUITS 


Inductance 


It is possible to show that the flow of current 
through a conductor is accompanied by magnetic 
effects; a compass needle brought near the con- 
ductor, for example, will be deflected from its 
normal north-south position. The current, in 
other words, sets up a magnetic field. 

The transfer of energy to the magnetic field 
represents work done by the source of e.m.f. 
Power is required for doing work, and since power 
is equal to current multiplied by voltage, there 
must be a voltage drop in the circuit during the 
time in which energy is being stored in the field. 
This voltage “drop” (which has nothing to do 
with the voltage drop in any resistance in the 
circuit) is the result of an opposing voltage 
“Induced” in the circuit while the field is building 
up to its final value. When the field becomes 
constant the induced e.m.f. or back e.m.f. disap- 
pears, since no further energy is being stored. 

Since the induced e.m.f. opposes the e.m.f. of 
the source, it tends to prevent the current from 
rising rapidly when the circuit is closed. The 
amplitude of the induced e.m.f. is proportional 
to the rate at which the current is changing and 
to a constant associated with the circuit itself, 
called the inductance of the circuit. 

Inductance depends on the physical char- 
acteristics of the conductor. If the conductor 
is formed into a coil, for example, its inductance 
is increased. A coil of many turns will have more 
inductance than one of few turns, if both coils 
are otherwise physically similar. Also, if a coil is 
placed on an iron core its inductance will be 
greater than it was without the magnetic core. 

The polarity of an induced e.m.f. is always 
such as to oppose any change in the current in the 
circuit. This means that when the current in the 
circuit is increasing, work is being done against 
the induced e.m.f. by storing energy in the mag- 
netic field. If the current in the circuit tends to 
decrease, the stored energy of the field returns to 


the circuit, and thus adds to the energy being 


supplied by the source of e.m.f. This tends to keep 
the current flowing even though the applied 
e.m.f. may be decreasing or be removed entirely. 

The unit of inductance is the henry. Values of 
inductance used in radio equipment vary over a 
wide range. Inductance of several henrys is re- 
quired in power-supply circuits (see chapter on 
Power Supplies) and to obtain such values of 
inductance it is necessary to use coils of many 
turns wound on iron cores. In radio-frequency 
circuits, the inductance values used will be meas- 
ured in millihenrys (a millihenry is one one- 
thousandth of a henry) at low frequencies, and 
in microhenrys (one one-millionth of a henry) at 
medium frequencies and higher. Although coils 
for radio frequencies may be wound on special 
iron cores (ordinary iron is not suitable) most 
r.f. coils made and used by amateurs are of the 
“air-core”’ type; that is, wound on an insulating 
support consisting of nonmagnetic material. 

Every conductor has inductance, even though 
the conductor is not formed into a coil. The 
inductance of a short length of straight wire 
is small, but it may not be negligible because 
if the current through it changes its intensity 
rapidly enough the induced voltage may be 
appreciable. This will be the case in even a few 
inches of wire when an alternating current having 
a frequency of the order of 100 Me. or higher is 
flowing. However, at much lower frequencies the 
inductance of the same wire could be left out of 
any calculations because the induced voltage 
would be negligibly small. 


Calculating Inductance 


The approximate inductance of single-layer 
air-core coils may be calculated from the sim- 
plified formula 


L (uh.) = 


Sa 
an 
9a + 196 
where L = Inductance in microhenrys 


Inductors for power and radio fre- 
quencies. The two iron-core coils at the 
left are ‘‘chokes” for power-supply 
filters. The mounted air-core coils at 
the top center are adjustable inductors 
for transmitting tank circuits. The "pie- 
wound” coils at the left and in the fore- 
ground are radio-frequency choke 
coils. The remaining coils are typical of 
inductors used in r.f. tuned circuits, the 
larger sizes being used principally for 
transmitters. 


Inductance 


= Coil radius in inches 
b = Coil length in inches 
= Number of turns 


The notation is explained in Fig. 2-12. This 


Fig. 2-12—Coil dimensions 

used in the inductance for- 

mula. The wire diameter does 
not enter into the formula. 


2a 
was 
b 


formula is a close approximation for coils having 
a length equal to or greater than 0.8a. 


Example: Assume a coil having 48 turns 
wound 32 turns per inch and a diameter of 34 


inch. Thus a = 0.75 + 2 = 0.375, b = 48 + 32 
= 1.5, and n = 48. Substituting, 
_ .875 X .3875 X 48 X 48 7 6th, 


~ (9 X .375) + (10 X 1.5) 
To calculate the number of turns of a single- 
layer coil for a required value of inductance, 


pale Re (9a + 108) 
a2 
Example: Suppose an inductance of 10 uh. is 
required. The form on which the coil is to be 
wound has a diameter of one inch and is long 
enough to accommodate a coil of 144 inches. 


Then a = 0.5, 6 = 1.25, and L = 10. Substi- 

tuting, 

n = 4/2 (4.5 + 12.5) — = 4/680 = 26.1 turns 
X40 


A 26-turn coil would be close enough in prac- 
tical work. Since the coil will be 1.25 inches 
long, the number of turns per inch will be 
26.1 + 1.25 = 20.8. Consulting the wire table, 
we find that No. 17 enameled wire (or anything 
smaller) can be used. The proper inductance is 
obtained by winding the required number of 
turns on the form and then adjusting the spac- 
ing between the turns to make a uniformly- 
spaced coil 1.25 inches long. 


Inductance Charts 


Most inductance formulas lose accuracy when 
applied to small coils (such as are used in 
v.h.f. work and in low-pass filters built for reduc- 
ing harmonic interference to television) because 
the conductor thickness is no longer negligible in 
comparison with the size of the coil. Fig. 2-13 
shows the measured inductance of v.h.f. coils, 
and may be used as a basis for circuit design. 
Two curves are given: curve A is for coils wound 
to an inside diameter of 14 inch; curve B is for 
coils of 34-inch inside diameter. In both curves 
the wire size is No. 12, winding pitch 8 turns to 
the inch (4% inch center-to-center turn spacing). 
The inductance values given include leads 4% 
inch long. 

The charts of Figs. 2-14 and 2-15 are useful 
for rapid determination of the inductance of 
coils of the type commonly used in radio-fre- 
quency circuits in the range 3-30 Mc. They are 
of sufficient accuracy for most practical work. 
Given the coil length in inches, the curves show 
the multiplying factor to be applied to the in- 
ductance value given in the table below the curve 
for a coil of the same diameter and number of 
turns per inch. 


Example: A coil 1 inch in diameter is 114 
inches long and has 20 turns. Therefore it has 
16 turns per inch, and from the table under Fig. 
2-15 it is found that the reference inductance 
for a coil of this diameter and number of turng 
per inch is 16.8 wh. From curve B in the figure 
the multiplying factor is 0.35, so the inductance 
ig 

16.8 X 0.35 = 5.9 wh. 


The charts also can be used for finding suit- 
able dimensions for a coil having a required value 
of inductance. 


Example: A coil having an inductance of 12 
uh, is required. It is to be wound on a form 
having a diameter of 1 inch, the length available 
for the winding being not more than 114 inches. 
From Fig. 2-15, the multiplying factor for a 1-inch 
diameter coil (curve B) having the maximum 
possible length of 114 inches is 0.35. Hence the 
number of turns per inch must be chosen for a 
reference inductance of at least 12/0.35, or 34 uh. 
From the Table under Fig. 2-15 it is seen that 16 
turns per inch (reference inductance 16.8 yh.) 
is too small. Using 32 turns per inch, the multi- 
plying factor is 12/68, or 0.177, and from curve 
B this corresponds to a coil length of 34 inch. 
There will be 24 turns in this length, since the 
winding ‘‘pitch”’ is 32 turns per inch. 


Machine-wound coils with the diameters and 
turns per inch given in the tables are available 
in many radio stores, under the trade names of 
“B&W Miniductor”’ and ‘‘Tlumitronic Air Dux.” 


@ IRON-CORE COILS 


Permeability 


Suppose that the coil in Fig. 2-16 is wound on 
an iron core having a cross-sectional area of 2 
square inches. When a certain current is sent 
through the coil it is found that there are 80,000 
lines of force in the core. Since the area is 2 
square inches, the flux density is 40,000 lines per 
square inch. Now suppose that the iron core is 
removed and the same current is maintained in 
the coil, and that the flux density without the 
iron core is found to be 50 lines per square inch. 
The ratio of the flux density with the given core 
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Fig. 2-13—Measured inductance of coils wound with 
No. 12 bare wire, 8 turns to the inch. The values include 
half-inch leads. 
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2—ELECTRICAL LAWS AND CIRCUITS 


material to the flux density (with the same coil 
and same current) with an air core is called the 
permeability of the material. In this case the 
permeability of the iron is 40,000/50 = 800. 
The inductance of the coil is increased 800 times 
by inserting the iron core since, other things being 
equal, the inductance will be proportional to the 
magnetic flux through the coil. 

The permeability of a magnetic material varies 
with the flux density. At low flux densities (or 
with an air core) increasing the current through 
the coil will cause a proportionate increase in flux, 
but at very high flux densities, increasing the 
current may cause no appreciable change in the 
flux. When this is so, the iron is said to be satu- 
rated. Saturation causes a rapid decrease in 
permeability, because it decreases the ratio of 
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LENGTH OF CO/L IN INCHES 


Fig. 2-14—Factor to be applied to the inductance of coils 
listed in the table below, for coil lengths up to 5 inches. 


MULTIPLY INDUCTANCE VALUE IN TABLE BY 


Coil diameter, No. of turns Inductance 
Inches per inch in ph. 
14% 4 2.75 
6 - 6.3 
8 14.2 
10 17.5 
16 42.5 
1% 4 3.9 
6 8.8 
8 15.6 
10 24.5 
16 63 
134 4 5.2 
6 11.8 
8 21 
10 33 
16 85 
2 4 6.6 
6 15 
8 26.5 
10 42 
16 108 
24% 4 10.2 
6 23 
8 41 
10 64 
3 4 14 
6 31.5 
8 56 
10 89 
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flux lines to those obtainable with the same cur- 
rent and an air core. Obviously, the inductance of 
an iron-core inductor is highly dependent upon 
the current flowing in the coil. In an air-core 
coil, the inductance is independent of current 
because air does not saturate. 

Iron core coils such as the one sketched in 


MULTIPLY INDUCTANCE VALUE /N TABLE BY 


LENGTH OF CO/L IN INCHES 


Fig. 2-15—Factor to be applied to the inductance of coils 
listed in the table below, as a function of coil length. Use 
curve A for coils marked A, curve B for coils marked B. 


Coil diameter, No. of turns Inductance 
Inches per inch in ph. 
% 4 0.18 
(A) 6 0.40 
8 0.72 
10 1.12 
16 2.9 
32 12 
5% 4 0.28 
(A) 6 0.62 
8 1.1 
10 1G 
16 4.4 
32 18 
34 4 0.6 
(B) 6 1.35 
8 2.4 
10 3.8 
16 9.9 
32 40 
1 4 1.0 
(B) 6 2:3 
8 4.2 
10 6.6 
16 16.8 
4 32 68 


Fig. 2-16 are used chiefly in power-supply equip- 
ment. They usually have direct current flowing 
through the winding, and the variation in induct- 
ance with current is usually undesirable. It may 
be overcome by keeping the flux density below 


Fig. 2-16—Typical construction 

of an iron-core inductor. The 

small air gap prevents mag- 

netic saturation of the iron and 

thus maintains the inductance at 
high currents. 


Inductance 


the saturation point of the iron. This is done by 
opening the core so that there is a small “air 
gap,” as indicated by the dashed lines. The mag- 
netic “resistance” introduced by such a gap is so 
large —even though the gap is only a small 
fraction of an inch — compared with that of the 
iron that the gap, rather than the iron, controls 
the flux density. This reduces the inductance, 
but makes it practically constant regardless of 
the value of the current. 


Eddy Currents and Hysteresis 


When alternating current flows through a 
coil wound on an iron core an e.m.f. will be in- 
duced, as previously explained, and since iron is a 
conductor a current will flow in the core. Such 
currents (called eddy currents) represent a waste 
of power because they flow through the resist- 
ance of the iron and thus cause heating. Eddy- 
- eurrent losses can be reduced by laminating 
the core; that is, by cutting it into thin strips. 
These strips or laminations must be insulated 
from each other by painting them with some 
insulating material such as varnish or shellac. 

There is also another type of energy loss: the 
iron tends to resist any change in its magnetic 
state, so a rapidly-changing current such as a.c. 
is forced continually to supply energy to the iron 
to overcome this ‘‘inertia.’’ Losses of this sort are 
called hysteresis losses. 

Eddy-current and hysteresis losses in iron 
increase rapidly as the frequency of the alter- 
nating current is increased. For this reason, ordi- 
nary iron cores can be used only at power and 
audio frequencies — up to, say, 15,000 cycles. 
Even so, a very good grade or iron or steel is 
necessary if the core is to perform well at the 
higher audio frequencies. Iron cores of this 
type are completely useless at radio frequencies. 

For radio-frequency work, the losses in iron 
cores can be reduced to a satisfactory figure by 
grinding the iron into a powder and then mix- 
ing it with a “binder” of insulating material 
in such a way that the individual iron particles 
are insulated from. each other. By this means 
cores can be made that will function satisfactorily 
even through the v.h.f. range — that is, at fre- 
quencies up to perhaps 100 Mc. Because a large 
part of the magnetic path is through a nonmag- 
netic material, the permeability of the iron is 
low compared with the values obtained at 
power-supply frequencies. The core is usually 
in the form of a “slug’’ or cylinder which fits 
inside the insulating form on which the coil is 
wound. Despite the fact that, with this construc- 
tion, the major portion of the magnetic path for 
the flux is in air, the slug is quite effective in 
increasing the coil inductance. By pushing the 
slug in and out of the coil the inductance can be 
varied over a considerable range. 


@ INDUCTANCES IN SERIES AND 
PARALLEL 


When two or more inductors are connected 
in series (Fig. 2-17, left) the total inductance is 


Fig. 2-17—Induc- 
tances inseriesand ¢lo5 
parallel. 


equal to the sum of the individual inductances, 
provided the coils are sufficiently separated so that 
no coil is in the magnetic field of another. That is, 


[totaa = In + To + Lg + 2g4+........ 


If inductors are connected in parallel (Fig. 2-17, 
right), the total inductance is 


1 
Rie tae ie 
pe 
and for two inductances in parallel, 
_ Lyle 
~ In+ Le 


Thus the rules for combining inductances in 
series and parallel are the same as for resist- 
ances, if the coils are far enough apart so that 
each is unaffected by another’s magnetic field. 
When this is not so the formulas given above 
cannot be used. 


@ MUTUAL INDUCTANCE 


If two coils are arranged with their axes on 
the same line, as shown in Fig. 2-18, a current 
sent. through Coil 1 will cause a magnetic field 
which “cuts” Coil 2. Consequently, an e.m.f. 
will be induced in Coil 2 whenever the field 
strength is changing. This induced e.m.f. is 
similar to the e.m.f. of self-induction, but since 
it appears in the second coil because of current 
flowing in the first, it is a “mutual” effect and 
results from the mutual inductance between 
the two coils. 

If all the flux set up by one coil cuts all the turns 
of the other coil the mutual inductance has its 
maximum possible value. If only a small part 
of the flux set up by one coil cuts the turns of 
the other the mutual inductance is relatively 
small. Two coils having mutual inductance are 
said to be coupled. 

The ratio of actual mutual inductance to the 
maximum possible value that could theoretically 
be obtained with two given coils is called the 
coefficient of coupling between the coils. It is 
frequently expressed as a percentage. Coils that 
have nearly the maximum possible (coefficient = 
1 or 100%) mutual inductance are said to be 
closely, or tightly, coupled, but if the mutual 
inductance is relatively small the coils are 
said to be loosely coupled. The degree of coupling 
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through coil No. 
1, setting up a 
magnetic field 
that induces an 
e.m.f.in the turns 
of coil No. 2. 


depends upon the physical spacing between the 
coils and how they are placed with respect to each 
other. Maximum coupling exists when they have 
a common axis and are as close together as possi- 
ble (one wound over the other). The coupling is 
least when the coils are far apart or are placed so 
their axes are at right angles. 

The maximum possible coefficient of cou- 
pling is closely approached only when the two 
coils are wound on a closed iron core. The co- 
efficient with air-core coils may run as high as 
0.6 or 0.7 if one coil is wound over the other, 
but will be much less if the two coils are separated. 


Time Constant 


Capacftance and Resistance 


Connecting a source of e.m.f. to a capacitor 
causes the capacitor to become charged to the full 
e.m.f. practically instantaneously, if there is no 
resistance in the circuit. However, if the circuit 
contains resistance, as in Fig. 2-19A, the resist- 
ance limits the current flow and an appreciable 
length of time is required for the e.m.f. between 
the capacitor plates to build up to the same value 
as the e.m.f. of the source. During this “building- 
up” period the current gradually decreases from 
its initial value, because the increasing e.m.f. 
stored on the capacitor offers increasing opposi- 
tion to the steady e.m.f. of the source. 
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Fig. 2-19—Illustrating the time constant of an RC circuit. 


Theoretically, the charging process is never 
really finished, but eventually the charging cur- 
rent drops to a value that is smaller than any- 
thing that can be measured. The time constant of 
such a circuit is the length of time, in seconds, 
required for the voltage across the capacitor to 
reach 63 per cent of the applied e.m.f. (this figure 
is chosen for mathematical reasons). The voltage 
across the capacitor rises with time as shown by 
Fig. 2-20. 

The formula for time constant is 

=.RC 
where 7’ = Time constant in seconds 


C = Capacitance in farads 
R = Resistance in ohms 


If C is in microfarads and FR in megohms, the 
time constant also is in seconds. These units 
usually are more convenient. 


Example: The time constant of a 2-uf. ca- 
pacitor and a 250,000-ohm (0.25 megohm) 
resistor is 


T= RC. = 0:25><42-="0:5 second 
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If the applied e.m.f. is 1000 volts, the voltage 
between the capacitor plates will be 630 volts 
at the end of % second. 


If a charged capacitor is discharged through 
a resistor, as indicated in Fig. 2-19B, the same 
time constant applies. If there were no resistance, 
the capacitor would discharge instantly when 
S was closed. However, since F limits the current 
flow the capacitor voltage cannot instantly go 
to zero, but it will decrease just as rapidly as 
the capacitor can rid itself of its charge through 
R. When the capacitor is discharging through a 
resistance, the time constant (calculated in the 
same way as above) is the time, in seconds, that 
it takes for the capacitor to lose 63 per cent of its 
voltage; that is, for the voltage to drop to 37 
per cent of its initial value. 


Example: If the capacitor of the example 
above is charged to 1000 volts, it will discharge 
to 370 volts in 44 second through the 250,000- 
ohm resistor. 
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Fig. 2-20—How the voltage across a capacitor rises, with 
time, when charged through a resistor. The lower curve 
shows the way in which the voltage decreases across the 
capacitor terminals on discharging through 
the same resistor. 


Time Constant 


Fig. 2-21 —Time constant of an LR circuit. 


Inductance and Resistance 


A comparable situation exists when resist- 
ance and inductance are in series. In Fig. 2-21, 
first consider L to have no resistance and also 
assume that RF is zero. Then closing S would tend 
to send a current through the circuit. However, 
the instantaneous transition from no current 
to a finite value, however small, represents a very 
rapid change in current, and a back e.m.f. is 
developed by the self-inductance of L that is 
practically equal and opposite to the applied 
e.m.f. The result is that the initial current is very 
small. 

The back e.m.f. depends upon the change 
in current and would cease to offer opposition 
if the current did not continue to increase. With 
no resistance in the circuit (which would Jead 
to an infinitely large current, by Ohm’s Law) 
the current would increase forever, always 
growing just fast enough to keep the e.mf. 
of self-induction equal to the applied e.m.f. 

When resistance is in series, Ohm’s Law sets 
a limit to the value that the current can reach. 
The back e.m.f. generated in LZ has only to equal 
the difference between E and the drop across R, 
because that difference is the voltage actually 
applied to Z. This difference becomes smaller as 
the current approaches the final Ohm’s Law 
value. Theoretically, the back e.m.f. never quite 
disappears and so the current never quite reaches 
the Ohm’s Law value, but practically the differ- 
ence becomes unmeasurable after a time. The 


time constant of an inductive circuit is the time _ 


Fig. 2-22—Voltage across capacitor terminals in a. dis- 

charging RC circuit, in terms of the initial charged voltage. 

To obtain time in seconds, multiply the factor t/RC by the 
time constant of the circuit. 


in seconds required for the current to reach 63 per 
cent of its final value. The formula is 
ite es 
R 
where 7’ = Time constant in seconds 
L = Inductance in henrys 
R = Resistance in ohms 


The resistance of the wire in a coil acts 
though it were in series with the inductance. 


Example: A coil having an inductance of 20 
henrys and a resistance of 100 ohms has a time 
constant of 


if there is no other resistance in the circuit. If a 
d.c. e.m.f. of 10 volts is applied to such a coil, 
the final current, by Ohm’s Law, is 
= ae ans = 0.1 amp. or 100 ma. 
ace O0 


The current would rise from zero to 63 milliam- 
peres in 0.2 second after closing the switch. 


An inductor cannot be “discharged” in the 
same way as @ capacitor, because the magnetic 
field disappears as soon as current flow ceases. 
Opening S does not leave the inductor “charged.’’ 
The energy stored in the magnetic field instantly 
returns to the circuit when S is opened. The 
rapid disappearance of the field causes a very 
large voltage to be induced in the coil — ordi- 
narily many times larger than the voltage 
applied, because the induced voltage is pro- 
portional to the speed with which the field 
changes. The common result of opening the 
switch in a circuit such as the one shown is that 
a spark or arc forms at the switch contacts at the 
instant of opening. If the inductance is large and 
the current in the circuit is high, a great deal of 
energy is released in a very short period of time. 
It is not at all unusual for the switch contacts to 
burn or melt under such circumstances. 

Time constants play an important part in 
numerous devices, such as electronic keys, timing 
and control circuits, and shaping of keying charac- 
teristics by vacuum tubes. The time constants of 
circuits are also important in such applications 
as automatic gain control and noise limiters. In 
nearly a.l such applications a resistance-capaci- 
tance (RC) time constant is invol-ed, and it is 
usually necessary to know the voltage across 
the capacitor at some time interval larger or 
smaller than the actual time constant of the cir- 
cuit as given by the formula above. Fig. 2-22 
can be used for the solution of such problems, 
since the curve gives the voltage across the ca- 
pacitor, in terms of percentage of the initial 
charge, for percentages between 5 and 100; at 
any time after discharge begins. 


Example: A 0.01-yf. capacitor is charged to 
150 volts and then allowed to discharge through 
a 0.1l-megohm resistor. How long will it take 
the voltage to fall to 10 volts? In percentage, 
10/150 =6.7%. From the chart, the factor 
corresponding to 6.7% is 2.7. The time constant 
of the circuit is equal to RC =0.1 X 0.01 = 
0.001. The time is therefore 2.7 X 0.001 = 
0.0027 second, or 2.7 milliseconds. 
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Alternating Currents 


@ PHASE 


The term phase essentially means “‘time,”’ or 
the time interval between the instant when one 
thing occurs and the instant when a second re- 
lated thing takes place. The later event is said to 
lag the earlier, while the one that occurs first is 
said to lead. In a.c. circuits the current amplitude 
changes continuously, so the concept of phase or 
time becomes important. Phase can be measured 
in the ordinary time units, such as the second, but 
there is a more convenient method: Since each 
a.c. eycle occupies exactly the same amount of 
time as every other cycle of the same frequency, 
we can use the cycle itself as the time unit. Using 
the cycle as the time unit makes the specification 
or measurement of phase independent of the fre- 
quency of the current, so long as only one fre- 
quency is under consideration at a time. When 
two or more frequencies are to be considered, as 
in the case where harmonies are present, the 
phase measurements are made with respect to the 
lowest, or fundamental, frequency. 

The time interval or ‘‘phase difference” under 
consideration usually will be less than one cycle. 
Phase difference could be measured in decimal 
parts of a cycle, but it is more convenient to di- 
vide the cycle into 360 parts or degrees. A phase 
degree is therefore 1/360 of a cycle. The reason for 
this choice is that with sine-wave alternating 
current the value of the current at any instant is 
proportional to the sine of the angle that corre- 
sponds to the number of degrees — that is, length 
of time —from the instant the cycle began. 
There is no actual ‘angle’ associated with an 
alternating current. Fig. 2-23 should help make 
this method of measurement clear. 


| Cycle 


180°____—270° 
0° 90° \/ 
A 5 Cycle : 


Fig. 2-23—An a.c. cycle is divided off into 360 degrees 
that are used as a measure of time or phase. 


Amplitude 
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Measuring Phase 


The phase difference between two currents of 
the same frequency is the time or angle difference 
between corresponding parts of cycles of the two 
currents. This is shown in Fig. 2-24. The current 
labeled A leads the one marked B by 45 degrees, 
since A’s cycles begin 45 degrees earlier in time. 
It is equally correct to say that B lags A by 45 
degrees. 
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Fig. 2-24— When two waves of the same frequency start 

their cycles at slightly different times, the time difference 

or phase difference is measured in degrees. In this drawing 

wave B starts 45 degrees (one-eighth cycle) later than 
wave A, and so lags 45 degrees behind A. 


Two important special cases are shown in 
Fig. 2-25. In the upper drawing B lags 90 de- 
grees behind A; that is, its cycle begins just one- 
quarter cycle later than that of A. When one wave 
is passing through zero, the other is just at its 
maximum point. 

In the lower drawing A and B are 180 degrees 
out of phase. In this case it does not matter 
which one is considered to lead or lag. B is always 
positive while A is negative, and vice versa. 
The two waves are thus completely out of phase. 

The waves shown in Figs. 2-24 and 2-25 could 
represent current, voltage, or both. A and B 
might be two currents in separate circuits, or A 
might represent voltage and B current in the 
same circuit. If A and B represent two currents 
in the same circuit (or two voltages in the same~ 
circuit) the total or resultant current (or voltage) 
also is a sine wave, because adding any number 
of sine waves of the same frequency always gives 
a sine wave also of the same frequency. 


Phase in Resistive Circuits 


When an alternating voltage is applied to a 
resistance, the current flows exactly in step with 
the voltage. In other words, the voltage and cur- 
rent are in phase. This is true at any frequency 
if the resistance is ‘pure’? — that is, is free from 
the reactive effects discussed in the next section. 
Practically, it is often difficult to obtain a purely 


Amplitude 


Amplitude 
<< oF 


. 180 
(3 Cycle) 
Fig. 2-25—Two important special cases of phase differ- 
ence. In the upper drawing, the phase difference between 
A and B is 90 degrees; in the lower drawing the phase 
difference is 180 degrees. 


Alternating Currents 


resistive circuit at radio frequencies, because the 
reactive effects become more pronounced as the 
frequency is increased. 

- In a purely resistive circuit, or for purely re- 
sistive parts of circuits, Ohm’s Law is just as 
valid for a.c. of any frequency as it is for d.c. 


@ REACTANCE 


Alternating Current in Capacitance 


In Fig. 2-26 a sine-wave a.c. voltage having a 
maximum value of 100 volts is applied to a ca- 
pacitor. In the period OA, the applied voltage in- 
creases from zero to 38 volts; at the end of this 
period the capacitor is charged to that voltage. In 
interval AB the voltage increases to 71 volts; that 
is, 33 volts additional. In this interval a smaller 
quantity of charge has been added than in OA, 
because the voltage rise during interval AB is 
smaller. Consequently the average current during 
AB is smaller than during OA. In the third inter- 
val, BC, the voltage rises from 71 to 92 volts, an 
increase of 21 volts. This is less than the voltage 
increase during AB, so the quantity of electricity 
added is less; in other words, the average current 
during interval BC is still smaller. In the fourth 
interval, CD, the voltage increases only 8 volts; 
the charge-added is smaller than in any preceding 
interval and therefore the current also is smaller. 


By dividing the first quarter cycle into a very 


large number of intervals it could be shown that 
the current charging the capacitor has the shape 
of a sine wave, just as the applied voltage does. 
The current is largest at the beginning of the 
cycle and becomes zero at the maximum value 
of the voltage, so there is a phase difference of 90 
degrees between the voltage and current. During 
the first quarter cycle the current is flowing in the 


Fig. 2-26—Voltage and current phase relationships when 
an alternating voltage is applied to a capacitor. 


normal direction through the circuit, since the ca- 
pacitor is being charged. Hence the current is 
positive, as indicated by the dashed line in Fig. 
2-26. 

In the second quarter cycle — that is, in the 
time from D to H, the voltage applied to the 
capacitor decreases. During this time the capaci- 
tor loses its charge. Applying the same reasoning, 
it is plain that the current is small in interval DE 
and continues to increase during each succeeding 
interval. However, the current is flowing against 
the applied voltage because the capacitor is 
discharging into the circuit. Hence the current is 


negative during this quarter cycle. 

The third and fourth quarter cycles repeat 
the events of the first and second, respectively, 
with this difference — the polarity of the applied 
voltage has reversed, and the current changes 
to correspond. In other words, an alternating 
current flows in the circuit because of the alter- 
nate charging and discharging of the capacitance. 
As shown by Fig. 2-26, the current starts its cycle 
90 degrees before the voltage, so the current in a 
capacitor leads the applied voltage by 90 degrees. 


Capacitive Reactance 


The quantity of electric charge that can be 
placed on a capacitor is proportional to the ap- 
plied e.m.f. and the capacitance. This amount of 
charge moves back and forth in the circuit once 
each cycle, and so the rate of movement of charge 
— that is, the current — is proportional to volt- 
age, capacitance and frequency. If the effects of 
capacitance and frequency are lumped together, 
they form a quantity that plays a part similar to 
that of resistance in Ohm’s Law. This quantity 
is called reactance, and the unit for it is the ohm, 
just as in the case of resistance. The formula for 
it is 

soar 
Gtk 2afC 
where Xc = Capacitive reactance in ohms 
f = Frequency in cycles per second 
C = Capacitance in farads 
wr = 3.14 


Although the unit of reactance is the ohm, 
there is no power dissipation in reactance. The 
energy stored in the capacitor in one quarter of 
the cycle is simply returned to the circuit in the 
next. 

The fundamental units (cycles per second, 
farads) are too large for practical use in radio 
circuits. However, if the capacitance is in micro- 
farads and the frequency is in megacycles, the 
reactance will come out in ohms in the formula. 


Example: The reactance of a capacitor of 470 
pyf. (0.00047 pf.) at a frequency of 7150 ke. 


(7.15 Mc.) is 
1 1 
Spies gee ey BN eh 
QnfC 6.28 X 7.15 X 0.00047 She 


Inductive Reactance 


When an alternating voltage is applied to a 
pure inductance (one with no resistance — all 
practical inductors have resistance) the current is 
again 90 degrees out of phase with the applied 
voltage. However, in this case the current lags 
90 degrees behind the voltage — the opposite of 
the capacitor current-voltage relationship. 

The primary cause for this is the back e.m.f. 
generated in the inductance, and since the ampli- 
tude of the back e.m.f. is proportional to the rate 
at which the current changes, and this in turn is 
proportional, to the frequency, the amplitude of 
thexcurrent is inversely proportional to the ap- 
plied frequency. Also, since the back e.m.f. is 
proportional to inductance for a given rate of cur- 
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rent change, the current flow is inversely propor- 
tional to inductance for a given applied voltage 
and frequency. (Another way of saying this is 
that just enough current flows to generate an in- 
duced e.m.f. that equals and opposes the applied 
voltage. ) 

The combined effect of inductance and fre- 
quency is called inductive reactance, also ex- 
pressed in ohms, and the formula for it is 


Xt — 2rfL 


where X;, = Inductive reactance in ohms 
f = Frequency in cycles per second 
L = Inductance in henrys 
aw = 3.14 
Example: The reactance of a coil having an 
inductance of 8 henrys, at a frequency of 120 
cycies, is 
Xz, = 2rfL = 6.28 X 120 X 8 = 6029 ohms 


AMPLITUDE 


Fig. 2-27 — Phase relationships between voltage and 
current when an alternating voltage is applied to an 
inductance. 


In radio-frequency circuits the inductance 
values usually are small and the frequencies are 
large. If the inductance is expressed in milli- 
henrys and the frequency in kilocycles, the con- 
version factors for the two units cancel, and the 
formula for reactance may be used without first 
converting to fundamental units. Similarly, no 
conversion is necessary if the inductance is in 
microhenrys and the frequency is in megacycles, 


Example: The reactance of a 15-microhenry 
coil at a frequency of 14 Me. is 


X= Zapf = 6:28:< 14° X15 = 1319 ohms 
The resistance of the wire of which the coil is 
wound has no effect on the reactance, but simply 


acts as though it were a separate resistor con- 
nected in series with the coil. 


Ohm’s Law for Reactance 


Ohm’s Law for an a.c. circuit containing only 
reactance is 


E 
Fos. 
BE = 1X 

E 
X == 

I 


where # = E.m/. in volts 
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I = Current in amperes 
X = Reactance in ohms 


The reactance may be either inductive or 
capacitive. 
Example: If a current of 2 amperes is flowing 
through the capacitor of the previous example 


(reactance = 47.4 ohms) at 7150 kce., the volt- 
age drop across the capacitor is 


Bo= EX = 2 <470-4-=94-8-volts 


If 400 volts at 120 cycles is applied to the 8- 
henry inductor of the previous example, the 
current through the coil will be 


=> pe: 0.0663 amp. (66.3 ma.) 


I = 
6029 


Reactance Chart 


The accompanying chart, Fig. 2-28, shows the 
reactance of capacitances from 1 puf. to 100 uf., 
and the reactance of inductances from 0.1 uh. to 
10 henrys, for frequencies between 100 cycles 
and 100 megacycles per second. The approximate 
value of reactance can be read from the chart or, 
where more exact values are needed, the chart 
will serve as a check on the order of magnitude of 
reactances calculated from the formulas given 
above, and thus avoid ‘“decimal-point errors”’. 


Reactances in Series and Parallel 


When reactances of the same kind are con- 
nected in series or parallel the resultant reactance 
is that of the resultant inductance or capacitance. 
This leads to the same rules that are used when ~ 
determining the resultant resistance when resis- 
tors are combined. That is, for series reactances 
of the same kind the resultant reactance is 


X= Xi +Xo+X3 +X, 


and for reactances of the same kind in parallel 
the resultant is 


The situation is different when reactances of 
opposite kinds are combined. Since the current in 
a capacitance leads the applied voltage by 90 
degrees and the current in an inductance lags the 
applied voltage by 90 degrees, the voltages at the 
terminals of opposite types of reactance are 180 
degrees out of phase in a series circuit (in which 
the current has to be the same through all ele- 
ments), and the currents in reactances of opposite 
types are 180 degrees out of phase in a parallel 
circuit (in which the same voltage is applied to 
all elements). The 180-degree phase relationship 
means that the currents or voltages are of oppo- 
site polarity, so in the series circuit of Fig. 2-29A 
the voltage Hy, across the inductive reactance Xz, 
is of opposite polarity to the voltage Hc across 
the capacitive reactance Xc. Thus if we call Xz, 
‘positive’? and Xc ‘‘negative’’ (a common con- 
vention) the applied voltage Hac is Ey, —Hc. In 
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Fig. 2-28—Inductive and capacitive reactance vs. frequency. Heavy lines represent multiples of 10, intermediate light 
lines multiples of 5; e.g., the light line between 10 wh. and 100 wh. represents 50 wh., the light line between 0.1 uf. and 
1 uf. represents 0.5 uf., etc. Intermediate values can be estimated with the help of the interpolation scale shown. 

Reactances outside the range of the chart may be found by applying appropriate factors to values within the chart 
range. For example, the reactance of 10 henrys at 60 cycles can be found by taking the reactance of 10 henrys at 
600 cycles and dividing by 10 for the 10-times decrease in frequency. 


the parallel circuit at B the total current, /, is the smaller of the two individual reactances. 

equal to J; —Ic, since the currents are 180 de- In the special case where Xx, = Xc the total 

grees out of phase. reactance is zero in the series circuit and infinitely 
In the series case, therefore, the resultant large in the parallel circuit. 

reactance of X, and Xc is 


X =X, -Xc 
and in the parallel case 


Reactive Power 


In Fig. 2-29A the voltage drop across the in- 
ductor is larger than the voltage applied to the 


Na = —AXLxXe circuit. This might seem to be an impossible 
Ma = XG condition, but it is not; the explanation is that 
Note that in the series circuit the total react- while energy is being stored in the inductor’s 
ance is negative if Xc is larger than X; this I 
indicates that the total reactance is capacitive ae oe 
in such a case. The resultant reactance in a series xy Et 
circuit is always smaller than the larger of the Eu 
two individual reactances. x 
In the parallel circuit, the resultant reactance es Pn 


is negative (i.e., capacitive) if Xz, is larger than (A) (B) 


Xo, and positive (inductive) if Xz is smaller Fig. 2-29—Series and parallel circuits containing opposite 
than Xc, but in every case is always larger than kinds of reactance. 
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magnetic field, energy is being returned to the 
circuit from the capacitor’s electric field, and 
vice versa. This stored. energy :s responsible for 
the fact that the voltages across reactances in 
series can be larger than the voltage applied to 
them. ae 

In a resistance the flow of current causes heat- 
ing and a power loss equal to /’?R. The power in a 
reactance is equal to I7X, but is not a “loss”; 
it is simply power that is transferred back and 
forth between the field and the circuit but not 
used up in heating anything. To distinguish this 
“nondissipated” power from the power which is 
actually consumed, the unit of reactive power is 
called the volt-ampere-reactive, or var, instead 
of the watt. Reactive power is sometimes called 
“wattless’”’ power. | 


@ IMPEDANCE 


When a circuit contains both resistance and 
reactance the combined effect of the two is called 
impedance, symbolized by the letter Z. (Imped- 
ance is thus a more general term than either 
resistance or reactance, and is frequently used 
even for circuits that have only resistance or 
reactance, although usually with a qualification 
— such as “resistive impedance”’ to indicate that 
the circuit has only resistance, for example.) 

The reactance and resistance comprising an 
impedance may be connected either in series or 
in parallel, as shown in Fig. 2-30. In these circuits 
the reactance is shown as a box to indicate that 
it may be either inductive or capacitive. In the 
series circuit the current is the same in both ele- 
ments, with (generally) different voltages appear- 
ing across the resistance and reactance. In the 
parallel circuit the same voltage is applied to both 
elements, but different currents flow in the two 
branches. 


Fig. 2-30—Series and parallel circuits containing resist- 
ance and reactance. 


Since in a resistance the current is in phase 
with the applied voltage while in a reactance it is 
90 degrees out of phase with the voltage, the 
phase relationship between current and voltage 
in the circuit as a whole may be anything between 
zero and 90 degrees, depending on the relative 
amounts of resistance and reactance. 


Series Circuits 
When resistance and reactance are in series, 
the impedance of the circuit is 
Z= VR? + X? 
where Z = impedance in ohms 


R = resistance in ohms 
X = reactance in ohms. 


i 
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The reactance may be either capacitive or in- 
ductive. If there are two or more reactances in 
the circuit they may be combined into a resultant 
by the rules previously given, before substitution 
into the formula above: similarly for resistances. 

The ‘‘square root of the sum of the squares’’ 
rule for finding impedance in a series circuit arises 
from the fact that the voltage drops across the 
resistance and reactance are 90 degrees out of 
phase, and so combine by the same rule that 
applies in finding the hypothenuse of a right- 
angled triangle when the base and altitude are 
known. 


Parallel Circuits 


With resistance and reactance in parallel, as in 
Fig. 2-30B, the impedance is 
RX 
V R2 ne xX? 
where the symbols have the same meaning as for 
series circuits. 

Just as in the case of series circuits, a number . 
of reactances in parallel should be combined to 
find the resultant reactance before substitution 
into the formula above; similarly for a number 
of resistances in parallel. 


Z= 


Equivalent Series and 
Parallel Circuits 


The two circuits shown in Fig. 2-30 are equiva- 
lent if the same current flows when a given volt- 
age of the same frequency is applied, and if the 
phase angle between voltage and current is the 
same in both cases. It is in fact possible to ‘‘trans- 
form’’ any given series circuit into an equivalent 
parallel circuit, and vice versa. 

Transformations of this type often lead to 
simplification in the solution of complicated cir- 
cuits. However, from the standpoint of practical 
work the usefulness of such transformations les 
in the fact that the impedance of a circuit may 
be modified by the addition of ezther series or 
parallel elements, depending on which happens to 
be most convenient in the particular case. Typi- 
cal applications are considered later in connection 
with tuned circuits and transmission lines. 


Ohm’s Law for Impedance 
Ohm’s Law can be applied to circuits contain- 
ing impedance just as readily as to circuits having 
resistance or reactance only. The formulas are 


E 
j pene! 
Z 
E=IZ 
E 
ea 
7 


where # = E.m.f. in volts 
7 = Current in amperes 
Z = Impedance in ohms 


Fig. 2-31 shows a simple circuit consisting of 
a resistance of 75 ohms and a reactance of 100 
ohms in series. From the formula previously 
given, the impedance is 


Impedance 


Z= VR24+ Xi2 5 V(75)2 + (100)? = 125 


ohms. 
If the applied voltage is 250 volts, then 
I= a = ee = 2 amperes. 
iL, 125 


This current flows through both the resistance 
and reactance, so the voltage drops are 


Er = IR = 2 X 75 = 150 velts 
Bx = 1TXp = 2X 100 = 200 volts 


The simple arithmetical sum of these two drops, 
350 volts, is greater than the applied voltage be- 
cause the two voltages are 90 degrees out of 
phase. Their actual resultant, when phase is 


taken into account, is ~/(150)2 + (200)2 = 250 
volte. 


Power Factor 


In the circuit of Fig. 2-31 an applied e.m-f. 
of 250 volts results in a current of 2 amperes, 
giving an apparent power of 250 X 2 = 500 watts. 
However, only the resistance actually consumes 
power. The power in the resistance is 


P = [?R = (2)? X 75 = 300 watts 


The ratio of the power consumed to the apparent 
power is called the power factor of the circuit, 
and in this example the power factor would be 
300/500 = 0.6. Power factor is frequently ex- 
pressed as a percentage; in this case, it would be 
60 per cent. 


R=75 ohms 


X,=100 ohms 


Fig. 2-31—Circuit used as an example for impedance 
calculations. 


“Real” or dissipated power is measured in 
watts; apparent power, to distinguish it from 
real power, is measured in volt-amperes. It is 
simply the product of volts and amperes and has 
no direct relationship to the power actually used 
up or dissipated unless the power factor of the 


circuit is known. The power factor of a purely 
resistive circuit is 100 per cent or 1, while the 
power factor of a pure reactance is zero. In this 
illustration, the reactive power is 


VAR = I°X = (2)? X 100 = 400 volt-amperes. 


Reactance and Complex Waves 


It was pointed out earlier in this chapter that a 
complex wave (a “‘nonsinusoidal”’ wave) can be 
resolved into a fundamental frequency and a 
series of harmonic frequencies. When such a com- 
plex voltage wave is applied to a circuit contain- 
ing reactance, the current through the circuit will 
not have the same wave shape as the applied 
voltage. This is because the reactance of an in- 
ductor and capacitor depend upon the applied 
frequency. For the second-harmonic component 
of a complex wave, the reactance of the inductor 
is twice and the reactance of the capacitor one- 
half their respective values at the fundamental 
frequency; for the third harmonic the inductor 
reactance is three times and the capacitor react- 
ance one-third, and so on. Thus the circuit im- 
pedance is different for each harmonic com- 
ponent. 

Just what happens to the current wave shape 
depends upon the values of resistance and react- 
ance involved and how the circuit is arranged. 
In a simple circuit with resistance and inductive 
reactance in series, the amplitudes of the har- 
monic currents will be reduced because the in- 
ductive reactance increases in proportion to fre- 
quency. When capacitance and resistance are in 
series, the harmonic current is likely to be ac- 
centuated because the capacitive reactance be- 
comes lower as the frequency is raised. When both 
inductive and capacitive reactance are present 
the shape of the current wave can be altered in a 
variety of ways, depending upon the circuit and 
the ‘‘constants,”’ or the relative values of L, C, 
and R, selected. 

This property of nonuniform behayior with 
respect to fundamental and harmonics is an ex- 
tremely useful one. It is the basis of “‘filtering,”’ 
or the suppression of undesired frequencies in 
favor of a single desired frequency or group of 
such frequencies. 


Transformers for Audio Frequencies 


Two coils having mutual inductance constitute 
a transformer. The coil connected to the source 
of energy is called the primary coil, and the other 
is called the secondary coil. 

The usefulness of the transformer lies in the 
fact that electrical energy can be transferred 
from one circuit to another without direct con- 
nection, and in the process can be readily changed 
from one voltage level to another. Thus, if.a de- 
vice to be operated requires, for example, 115 
volts a.c. and only a 440-volt source is available, a 
transformer can be used to change the source 
voltage to that required. A transformer can be 
used only with a.c., since no voltage will be in- 


duced in the secondary if the magnetic field is not 
changing. If d.c. is applied to the primary of a 
transformer, a voltage will be induced in the 
secondary only at the instant of closing or open- 
ing the primary circuit, since it is only at these 
times.that the field is changing. 


@ THE IRON-CORE TRANSFORMER 


As shown in Fig. 2-32, the primary and second- 
ary coils of a transformer may be wound on a core 
of magnetic material. This increases the induct- 
ance of the coils so that a relatively small number 
of turns may be used to induce a given value of 
voltage with a small current. A closed core (one 
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Se 
ae 


Fig. 2-32—The transformer. Power is transferred from 

the primary coil to the secondary by means of the mag- 

netic field. The upper symbol at right indicates an iron-core 
transformer, the lower one an air-core transformer. 


IRON CORE 


a P SECONDARY 


PRIMARY 


having a continuous magnetic path) such as that 
shown in Fig. 2-32 also tends to insure that prac- 
tically all of the field set up by the current in the 
primary coil will cut the turns of the secondary 
coil. However, the core introduces a power loss 
because of hysteresis and eddy currents so this 
type of construction is normally practicable only 
at power and audio frequencies. The discussion 
in this section is confined to transformers operat- 
ing at such frequencies. 


Voltage and Turns Ratio 


For a given varying magnetic field, the voltage 
induced in a coil in the field wil] be proportional 
to the number of turns in the coil. If the two 
coils of a transformer are in the same field (which 
is the case when both are wound on the same 
closed core) it follows that the induced voltages 
will be proportional to the number of turns in 
each coil. In the primary the induced voltage is 
practically equal to, and opposes, the applied 
voltage, as described earlier. Hence, 


E, = — B, 
Np 
where LE, = Secondary voltage 
Ey, = Primary applied voltage 
ns = Number of turns on secondary 
Np» = Number of turns on primary 


The ratio n/N» is called the secondary-to-primary 
turns ratio of the transformer. 


Example: A transformer has a primary of 400 
turns and a secondary of 2800 turns, and an 
e.m.f. of 115 volts is applied to the primary. The 
secondary voltage will be 


= 805 volts 


Also, if an e.m.f. of 805 volts is applied to the 
2800-turn winding (which then becomes the 
primary) the output voltage from the 400-turn 
winding will be 115 volts. 

Hither winding of a transformer can be used 
as the primary, providing the winding has 
enough turns (enough inductance) to induce a 
voltage equal to the applied voltage without 
requiring an excessive current flow. 


Effect of Secondary Current 


The current that flows in the primary when no 
current is taken from the secondary is called the 
magnetizing current of the transformer. In any 
properly-designed transformer the primary in- 
ductance will be so large that the magnetizing 
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current will be quite small. The power consumed 
by the transformer when the secondary is “open” 
—that is, not delivering power —is only the 
amount necessary to supply the losses in the iron 
core and in the resistance of the wire with which 
the primary is wound. 

When power is taken from the secondary wind- 
ing, the secondary current sets up a magnetic 
field that opposes the field set up by the primary 
current. But if the induced voltage in the primary 
is to equal the applied voltage, the original field 
must be maintained. Consequently, the primary 
must draw enough additional current to set up a 
field exactly equal and opposite to the field set up 
by the secondary current. 

In practical calculations on transformers it may 
be assumed that the entire primary current. is 
caused by the secondary “load.” This is justifiable 
because the magnetizing current should be very 
small in comparison with the primary “load” 
current at rated power output. 

If the magnetic fields set up by the primary 
and secondary currents are to be equal, the 
primary current multiplied by the primary turns 
must equal the secondary current multiplied by 
the secondary turns. From this it follows that 

igeeds 
Np 
where /, = Primary current 
I, = Secondary current 
Np = Number of turns on primary 
ns = Number of turns on secondary 
Example: Suppose that the secondary of the 
transformer in the previous example is deliver- 


ing a current of 0.2 ampere to a load. Then the 
primary current will be 
s 2800 
Ip = “I, = —— X 0.2 =7 X 0.2 = 1.4 amp. 
Np 400 


Although the secondary voltage is higher than 
the primary voltage, the secondary current is 
lower than the primary current, and by the same 
ratio. 


Power Relationships; Efficiency 


A transformer cannot create power; it can only 
transfer it and change the e.m.f. Hence, the power 
taken from the secondary cannot exceed that 
taken by the primary from the source of applied 
e.m.f. There is always some power loss in the 
resistance of the coils and in the iron core, so in all 
practical cases the power taken from the source 
will exceed that taken from the secondary. Thus, 


Po = nP; 


where Py = Power output from secondary 
P, = Power input to primary 
n = Efficiency factor 


The efficiency, n; always is less than 1. It is usu- 
ally expressed as a percentage; if m is 0.65, for 
instance, the efficiency is 65 per cent. 
Example: A transformer has an efficiency of 
85% at its full-load output of 150 watts. The 


power input to the primary at full secondary 
load will be 


Pe Po ee. = 176.5 watts 
n 0.85 


Transformers 


A transformer is usually designed to have its 
highest efficiency at the power output for which 
it is rated. The efficiency decreases with either 
lower or higher outputs. On the other hand, the 
losses in the transformer are relatively small at 
low output but increase as more power is taken. 
The amount of power that the transformer can 
handle is determined by its own losses, because 
these heat the wire and core. There is a limit to 
the temperature rise that can be tolerated, be- 
cause too-high temperature either will melt the 
wire or cause the insulation to break down. A 
transformer always can be operated at reduced 
output, even though the efficiency is low, because 
the actual loss also will be low under such condi- 
tions. 

The full-load efficiency of small power trans- 
formers such as are used in radio receivers and 
transmitters usually lies between about 60 per 
cent and 90 per cent, depending upon the size and 
design. 


Leakage Reactance 


In a practical transformer not all of the mag- 
netic flux is common to both windings, although 
in well-designed transformers the amount of flux 
that “cuts” one coil and not the other is only a 
small percentage of the total flux. This leakage 
flux causes an e.m.f. of self-induction; conse- 
quently, there are small amounts of leakage in- 
ductance associated with both windings of the 
transformer. Leakage inductance acts in exactly 
the same way as an equivalent amount of ordi- 
nary inductance inserted in series with the circuit. 


Fig. 2-33—The equivalent circuit of a transformer includes 
the 2ffects of leakage inductance and resistance of both 
primary and secondary windings. The resistance Rc is an 
equivalent resistance representing the core losses, which 
are essentially constant for any given applied voltage and 
frequency. Since these are comparatively small, their effect 
may be neglected in many approximate calculations. 


It has, therefore, a certain reactance, depending 
upon the amount of leakage inductance and the 
frequency. This reactance is called leakage 
reactance. 

Current flowing through the leakage reactance 
causes a voltage drop. This voltage drop increases 
with increasing current, hence it increases as more 
power is taken from the secondary. Thus, the 
greater the secondary current, the smaller the 
secondary terminal voltage becomes. The resist- 
ances of the transformer windings also cause 
voltage drops when current is flowing; although 
these voltage drops are not in phase with those 
caused by leakage reactance, together they result 
in a lower secondary voltage under load than is 
indicated by the turns ratio of the transformer. 

At power frequencies (60 cycles) the voltage at 
the secondary, with a reasonably well-designed 
transformer, should not drop more than about 10 


per cent from open-circuit conditions to full load. 
The drop in voltage may be considerably more 
than this in a transformer operating at audio fre- 
quencies because the leakage reactance increases 
directly with the frequency. 


Impedance Ratio 


In an ideal transformer — one without losses 
or leakage reactance — the following relationship 
is true: 

Z, =Z,N? 


where Z, = Impedance looking into primary ter- 
minals from source of power 
Z, = Impedance of load connected to 
secondary 
N = Turns ratio, primary to secondary 


That is, a load of any given impedance con- 
nected to the secondary of the transformer will be 
transformed to a different value “looking into” 
the primary from the source of power. The im- 
pedance transformation is proportional to the 
square of the primary-to-secondary turns ratio. 

Example: A transformer has a primary-to- 
secondary turns ratio of 0.6 (primary has 6/10 
as many turns as the secondary) and a load of 


3000 ohms is connected to the secondary. The 
impedance looking into the primary then will be 


Zp = ZsN2 = 3000 X (0.6)? = 3000 X 0.36 
= 1080 ohms 


By choosing the proper turns ratio, the im- 
pedance of a fixed load can be transformed to any 
desired value, within practical limits. The trans- 
formed or “reflected” impedance has the same 
phase angle as the actual load impedance; thus 
if the load is a pure resistance the load presented 
by the primary to the source of power also will be 
a pure resistance. 

The above relationship may be used in prac- 
tical work even though it is based on an “‘ideal’”’ 
transformer. Aside from the normal design re- 
quirements of reasonably low internal losses and 
low leakage reactance, the only requirement is 
that the primary have enough inductance to 
operate with low magnetizing current at the 
voltage applied to the primary. 

The primary impedance of a transformer — 
as it appears to the source of power — is determined 
wholly by the load connected to the secondary 
and by the turns ratio. If the characteristics of 
the transformer have an appreciable effect on 
the impedance presented to the power source, 
the transformer is either poorly designed or is 
not suited to the voltage and frequency at which 
it is being used. Most transformers will operate 
quite well at voltages from slightly above to well 
below the design figure. 


Impedance Matching 


Many devices require a specific value of load 
resistance (or impedance) for optimum operation. 
The impedance of the actual load that is to 
dissipate the power may differ widely from this 
value, so a transformer is used to change the 
actual load into an impedance of the desired 
value. This is called impedance matching. From 
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the preceding, 


where N = Required turns ratio, primary to 
: secondary 


Z» = Primary impedance required 


Z, = Impedance of load connected to sec- 
ondary 
Example: A vacuum-tube .a.f. amplifier re- 


quires a load of 5000 ohms for optimum per- 
formance, and is to be connected to a loud- 
speaker having an impedance of 10 ohms. The 
turns ratio, primary to secondary, required in 
the coupling transformer 8 


N= /% = a = 1/500 = 22.4 


The primary therefore must have 22.4 times as 
many turns as the secondary. 


Impedance matching means, in general, ad- 
justing the load impedance — by means of a 
transformer or otherwise — to a desired value. 
However, there is also another meaning. It is 
possible to show that any source of power will 
deliver its maximum possible output when the 
impedance of the load is equal to the internal 
impedance of the source. The impedance of the 
source is said to be “matched” under this con- 
dition. The efficiency is only 50 per cent in such 
a case; just as much power is used up in the source 
as is delivered to the load. Because of the poor 
efficiency, this type of impedance matching is 
limited to cases where only a small amount of 
power is available and heating from power loss 
in the source is not important. 


Transformer Construction 


Transformers usually are designed so that 
the magnetic path around the core is as short as 
possible. A short magnetic path means that the 
transformer will operate with fewer turns, for a 
given applied voltage, than if the path were long. 
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LAMINATION SHAPE 


CORE TYPE 


Fig. 2-34—Two common types of transformer construction. 
Core pieces are interleaved to provide a continuous 
magnetic path. 


A short path also helps to reduce flux leakage and 
therefore minimizes leakage reactance. 

Two core shapes are in common use, as shown 
in Fig. 2-34. In the shell type both windings are 
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placed on the inner leg, while in the core type 
the primary and secondary windings may be 
placed on separate legs, if desired. This is some- 
times done when it is necessary to minimize 
capacitive effects between the primary and sec- 
ondary, or when one of the windings must op- 
erate at very high voltage. 

Core material for small transformers 1 is usually 
silicon steel, called “transformer iron.” The core 
is built’ up of laminations, insulated from each 
other (by a thin coating of shellac, for example) 
to prevent the flow of eddy currents. The lami- 
nations are interleaved at the ends to make the 
magnetic path as continuous as possible and thus 
reduce flux leakage. 

The number of turns required in the primary 
for a given applied e.m.f. is determined by the 
size, Shape and type of core material used, and 
the frequency. The number of turns required is 
inversely proportional to the cross-sectional area 
of the core. As a rough indication, windings of 
small power transformers frequently have about 
six to eight turns per volt on a core of 1-square- 
inch cross section and have a magnetic path 10 
or 12 inches in length. A longer path or smaller 
cross section requires more turns per volt, and 
vice versa. 

In most transformers the coils are wound in 
layers, with a thin sheet of treated-paper insula- 
tion between each layer. Thicker insulation is 
used between coils and between coils and core. 


Autotransformers 


The transformer principle can be utilized with 
only one winding instead of two, as shown in 
Fig. 2-35; the principles just discussed apply 


/ron Core 


Line 


- 
A 


Load 


Fig. 2-35—The autotransformer is based on the transformer 
principle, but uses only one winding. The line and load 
currents in the common winding (A) flow in opposite direc- 
tions, so that the resultant current is the difference between 
them. The voltage across A is proportional to the turns ratio. 


equally well. A one-winding transformer is called 
an autotransformer. The current in the common 
section (A) of the winding is the difference be- 
tween the line (primary) and the load (secondary) 
currents, since these currents are out of phase. 
Hence if the line and load currents are nearly 
equal the common section of the winding may be 
wound with comparatively small wire. This will 
be the case only when the primary (line) and 
secondary (load) voltages are not very different. 
The autotransformer is used chiefly for boosting 
or reducing the power-line voltage by relatively 
small amounts. 


The Decibel 


The Decibel 


In most radio communication the received 
signal is converted into sound. This being the 
case, it is useful to appraise signal strengths in 
terms of relative loudness as registered by the 
ear. A peculiarity of the ear is that an increase 
or decrease in loudness is responsive to the 
ratio of the amounts of power involved, and is 
practically independent of absolute value of the 
power. For example, if a person estimates that 
the signal is ‘‘twice as loud”? when the trans- 
mitter power is increased from 10 watts to 
40 watts, he will also estimate that a 400-watt 
signal is twice as loud as a 100-watt signal. In 
other words, the human ear has a logarithmic re- 
sponse. 

This fact is the basis for the use of the 
relative-power unit called the decibel (abbrevi- 
ated db.) A change of one decibel in the power 
level is just detectable as a change in loudness 
under ideal conditions. The number of decibels 
corresponding to a given power ratio is given by 
the following formula: 


Db. = 10 log oe 
1 


Common logarithms (base 10) are used. 


Voltage and Current Ratios 


Note that the decibel is based on power 
ratios. Voltage or current ratios can be used, 
but only when the impedance is the same for both 
values of voltage, or current. The gain of an 
amplifier cannot be expressed correctly in db. 
if it is based on the ratio of the output voltage 
to the input voltage unless both voltages are 
measured across the same value of impedance. 
When the impedance at both points of measure- 
ment is the same, the following formula may 
be used for voltage or current ratios: 


Decibel Chart 


The two formulas are shown graphically in 
Fig. 2-36 for ratios from 1 to 10. Gains (in- 
creases) expressed in decibels may be added 
arithmetically ; losses (decreases) may be sub- 
tracted. A power decrease is indicated by 
prefixing the decibel figure with a minus 
sign. Thus +6 db. means that the power has 
been multiplied by 4, while —6 db. means 
that the power has been divided by 4. 


Decibels 


Fig. 2-36—Decibel chart for power, voltage and current 

ratios for power ratios of 1:1 to 10:1. In determining 

decibels for current or voltage ratios the currents (or 

voltages) being compared must be referred to the same 
value of impedance. 


The chart may be used for other ratios by 
adding (or subtracting, if a loss) 10 db. each time 
the ratio scale is multiplied by 10, for power 
ratios; or by adding (or subtracting) 20 db. each 
time the scale is multiplied by 10 for voltage or 
current ratios. For example, a power ratio of 2.5 
is 4 db. (from the chart). A power ratio of 10 
times 2.5, or 25, is 14 db. (10 + 4), and a power 
ratio of 100 times 2.5, or 250, is 24 db. (20 + 4). 
A voltage or current ratio of 4 is 12 db., a voltage 
or current ratio of 40 is 32 db. (20 + 12), and a 
voltage or current ratio of 400 is 52 db. (40 + 12). 


Radio-Frequency Circuits 


& RESONANCE IN SERIES CIRCUITS 


Fig. 2- 37 shows a resistor, capacitor and in- 
ductor connected in series with a source of alter- 
nating current, the frequency of which can be 
varied over a wide range. At some low frequency 
the capacitive reactance will be much larger than 
the resistance of R, and the inductive reactance 
will be small compared with either the reactance 


of C or the resistance of R. (R is assumed to be the 


same at all frequencies.) On the other hand, at 
some very high frequency the reactance of C' will 
be very small and the reactance of L will be very 
large. In either of these cases the current will be 


small, because the reactance is large at either low 
or high frequencies. 


Fig. 2-37—A series circuit containing L, C and R is “reso- 
nant’ at the applied frequency when the reactance of C 
is equal to the reactance of L. 
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At some intermediate frequency, the reactances 
of C and L will be equal and the voltage drops 
across the coil and capacitor will be equal and 
180 degrees out of phase. Therefore they cancel 
each other completely and the current flow is 
determined wholly by the resistance, R. At that 
frequency the current has its largest possible 
value, assuming the source voltage to be constant 
regardless of frequency. A series circuit in which 
the inductive and capacitive reactances are equal 
is said to be resonant. 

The principle of resonance finds its most ex- 
tensive application in radio-frequency circuits. 
The reactive effects associated with even small 
inductances and capacitances would place drastic 
limitations on r.f. circuit operation if it were not 
possible to ‘‘cancel them out’”’ by supplying the 
right amount of reactance of the opposite kind — 
in other words, “‘tuning the circuit to reso- 
nance.” 


Resonant Frequency 


The frequency at which a series circuit is 
resonant is that for which X; = Xo. Substitut- 
ing the formulas for inductive and capacitive 
reactance gives 


1 

e 2aA\7 LC 

where f = Frequency in cycles per second 
L = Inductance in henrys 


C = Capacitance in farads 
aw = 3.14 


These units are inconveniently large for radio- 
frequency circuits. A formula using more appro- 
priate units is 


oe Wee es 
ny 2rV/. LC 
where f = Frequency in kilocycles (ke.) 
L = Inductance in microhenrys (uh.) 


C = Capacitance in micromicrofarads 
(upf.) 
x = 3.14 


Example: The resonant frequency of a series 
circuit containing a 5-uh. inductor and a 365- 
uf. capacitor is 


aa Oe 108 
I VLC 6.28 X W5 xX 35 
6 
vy AOE ge NS 80180 Vee: 


6.28 X 13.2 83 


The formula for resonant frequency is not 
affected by the resistance in the circuit. 


Resonance Curves 


If a plot is drawn of the current flowing in the 
circuit of Fig. 2-37 as the frequency is varied 
(the applied voltage being constant) it would 
look like one of the curves in Fig. 2-38. The shape 
of the resonance curve at frequencies near reso- 
nance is determined by the ratio of reactance to 
resistance. 

If the reactance of either the coil or capacitor is 
of the same order of magnitude as the resistance, 
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RELATIVE CURRENT 


0 
-20 -10 ) +10 +20 
PER CENT CHANGE FROM RESONANT FREQUENCY 


Fig. 2-38—Current in a series-resonant circuit with various 
values of series resistance. The values are arbitrary and 
would not apply to all circuits, but represent a typical 
case. It is assumed that the reactances (at the resonant 
frequency) are 1000 ohms. Note that at frequencies 
more than plus or minus ten per cent away from the reso- 
nant frequency the current is substantially unaffected by 
the resistance in the circuit. 


the current decreases rather slowly as the fre- 
quency is moved in either direction away from 
resonance. Such a curve is said to be broad. On 
the other hand, if the reactance is considerably 
larger than the resistance the current decreases 
rapidly as the frequency moves away from 
resonance and the circuit is said to be sharp. A 
sharp circuit will respond a great deal more read- 
ily to the resonant frequency than to frequencies 
quite close to resonance; a broad circuit will 
respond almost equally well to a group or band 
of frequencies centering around the resonant 
frequency. 

Both types of resonance curves are useful. A 
sharp circuit gives good selectivity — the ability 
to respond strongly (in terms of current ampli- 
tude) at one desired frequency and discriminate 
against others. A broad circuit is used when the 
apparatus must give about the same response 
over a band of frequencies rather than to a single 
frequency alone. 
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Fig. 2-39—Current in series-resonant circuits having 

different Qs, In this graph the current at resonance is 

assumed to be the same in all cases. The lower the Q, the 

more slowly the current decreases as the applied fre- 
quency is moved away from resonance. 


Radio-Frequency Circuits 
Q 


Most diagrams of resonant circuits show only 
inductance and capacitance; no resistance is indi- 
cated. Nevertheless, resistance is always present. 
At frequencies up to perhaps 30 Mc. this resist- 
ance is mostly in the wire of the coil. Above this 
frequency energy loss in the capacitor (princi- 
pally in the solid dielectric which must be used 
to form an insulating support for the capacitor 
plates) also becomes a factor. This energy loss is 
equivalent to resistance. When maximum sharp- 
ness or selectivity is needed the object of design 
is to reduce the inherent resistance to the lowest 
possible value. 

The value of the reactance of either the induc- 
tor or capacitor at the resonant frequency of a 
series-resonant circuit, divided by the resistance 
in the circuit, is called the Q (quality factor) 
of the circuit, or 

XxX 
eae 
where Q = Quality factor 
X = Reactance of either coil or capacitor 
in ohms 
R = Series resistance in ohms 
Example: The inductor and capacitor in a 
series circuit each have a reactance of 350 ohms 


at the resonant frequency. The resistance is 5 
ohms. Then the Q is 


xX 
See ee A) 
Q R 5 


The effect of Q on the sharpness of resonance 
of a circuit is shown by the curves of Fig. 2-39. 
In these curves the frequency change is shown 
in percentage above and below the resonant 
frequency. Qs of 10, 20, 50 and 100 are shown; 
these values cover much of the range commonly 
used in radio work. 


Voltage Rise at Resonance 


When a voltage of the resonant frequency is 
inserted in series in a resonant circuit, the volt- 
age that appears across either the inductor or 
capacitor is considerably higher than the applied 
voltage. The current in the circuit is limited only 
by the resistance and may have a relatively 
high value; however, the same current flows 
through the high reactances of the inductor and 
capacitor and causes large voltage drops. The ra- 
tio of the reactive voltage to the applied voltage 
is equal to the ratio of reactance to resistance. 
This ratio is also the Q of the circuit. Therefore, 
the voltage across either the inductor or capacitor 
is equal to QE, where £ is the voltage inserted 
in series with the circuit. 


Example: Theinductive reactance of a circuit 
is 200 ohms, the capacitive reactance is 200 
ohms, the resistance 5 ohms, and the applied 
voltage is 50. The two reactances cancel and 
there will be but 5 ohms of pure resistance to 
limit the current flow. Thus the current will be 
50/5, or 10 amperes. The voltage developed 
across either the inductor or the capacitor will be 
equal to. its reactance times the current, or 
200 X 10 = 2000 volts. An alternate method: 
The Q of the circuit is X/R = 200/5 = 40. 
The reactive voltage is equal to Q times the 
applied voltage, or 40 X 50 = 2000 volts. 


@ RESONANCE IN PARALLEL CIRCUITS 


When a variable-frequency source of constant 
voltage is applied to a parallel circuit of the type 
shown in Fig. 2-40 there is a resonance effect 
similar to that in a series circuit. However, in this 
case the “‘line’”’ current (measured at the point 
indicated) is smallest at the frequency for which 
the inductive and capacitive reactances are equal. 
At that frequency the current. through L is ex- 
actly canceled by the out-of-phase current 
through C, so that only the current taken by R 
flows in the line. At frequencies below resonance 
the current through ZL is larger than that through 
C’, because the reactance of ZL is smaller and 
that of C higher at low frequencies; there is 
only partial cancellation of the two reactive 
currents and the line current therefore is larger 
than the current taken by F alone. At frequencies 
above resonance the situation is reversed and 
more current flows through C than through ZL, 
so the line current again increases. The current 
at resonance, being determined wholly by R, 
will be small if 2 is large and large if 2 is small. 


Ea eae i: 


Fig. 2-40—Circuit illustrating parallel resonance. 


The resistance I shown in Fig. 2-40 is not 


necessarily an actual resistor. In most cases it 


will be an “equivalent” resistance that represents 
the energy loss in the circuit. This loss can be in- 
herent in the coil or capacitor, or may represent 
energy transferred to a load by means of the 
resonant circuit. (For example, the resonant 
circuit may be used for transferring power from 
a vacuum-tube amplifier to an antenna system.) 

Parallel and series resonant circuits are quite 
alike in some respects. For instance, the circuits 
given at A and B in Fig. 2-41 will behave identi- 
cally, when an external ‘voltage is applied, if (1) 
L and C are the same in both cases; and (2) R, 
multiplied by 7’, equals the square of the react- 
ance (at resonance) of either Z or C. When these 
conditions are met the two circuits will have the 


(A) (B) 


Fig. 2-41—Series and parallel equivalents when the 

two circuits are resonant. The series resistor, Rs, in A 

can be replaced by an equivalent parallel resistor, Rp, in 
B and vice versa. 
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same Qs. (These statements are approximate, but 
are quite accurate if the Q is 10 or more.) The cir- 
cuit at:A is a serves circuit if it is viewed from the 
‘“inside”’ — that is, going around the loop 
formed by L, C and R — so its Q can be found 
from the ratio of X to Rs. 
Thus a circuit like that of Fig. 2-41A has an 
equivalent srereuet impedance (at resonance) 
X 
of Rp = R, 
inductor or the capacitor. Although Rp, is not 
an actual resistor, to the source of voltage the 
parallel-resonant circuit “looks like” a pure 
resistance of that value. It is “‘pure”’ resistance 
because the inductive and capacitive currents are 
180 degrees out of phase and are equal; thus there 
is no reactive current in the line. In a practical 
circuit with a high-Q capacitor, at the resonant 
frequency the parallel impedance is 
Z,=QX 
where Z, = Resistive impedance at resonance 
Q = Quality factor of inductor 
X = Reactance (in ohms) of either the 
inductor or capacitor 


; X is the reactance of either the 


Example: The parallel impedance of a circuit 
with a coil Q of 50 and having inductiveand ca- 
pacitive reactances of 300 ohms will be 


Z, = QX = 50 X 300 = 15,000 ohms. 


At frequencies off resonance the impedance 
is no longer purely resistive because the inductive 
and capacitive currents are not equal. The off- 
resonant impedance therefore is complex, and 
is lower than the resonant impedance for the 
reasons previously outlined. 

The higher the Q of the circuit, the higher the 
parallel impedance. Curves showing the varia- 
tion of impedance (with frequency) of a parallel 
circuit have just the same shape as the curves 
showing the variation of current with frequency 
in a series circuit. Fig. 2-42 is a set of such curves. 
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Fig. 2-42—Relative impedance of parallel-resonant 
circuits with different Qs. These curves are similar to 
those in Fig. 2-42 for current in a series-resonant circuit. 
The effect of Q on impedance is most marked near the 
resonant frequency. 


Parallel Resonance in Low-Q Circuits 


The preceding discussion is accurate only for 
Qs of 10 or more. When the Q is below 10, reso- 
nance in a parallel circuit having resistance in 
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series with the coil, as in Fig. 2-41A, is not so 
easily defined. There is a set of values for L and 
C that will make the parallel impedance a pure 
resistance, but with these values the impedance 
does not have its maximum possible value. An- 
other set of values for Z and C’ will make the 
parallel impedance a maximum, but this maxi- 
mum value is not a pure resistance. Hither 
condition could be called “resonance,” so with 
low-Q circuits it is necessary to distinguish be- 
tween maximum impedance and resistive im- 
pedance parallel] resonance. The difference be- 
tween these Z and C values and the equal react- 
ances of a series-resonant circuit is appreciable 
when the Q is in the vicinity of 5, and becomes 
more marked with still lower Q values. 


O of Loaded Circuits 


In many applications of resonant circuits the 
only power lost is that dissipated in the resistance 
of the circuit itself. At frequencies below 30 Me. 
most of this resistance is in the coil. Within 
limits, increasing the number of turns in the 
coil increases the reactance faster than it raises 
the resistance, so coils for circuits in which the 
( must be high may have reactances of 1000 
ohms or more at the frequency under considera- 
tion. 


(A) (B) 
Fig. 2-43—The equivalent circuit of a resonant circuit 
delivering power to a load. The resistor R represents 
the load resistance. At B the load is tapped across part 
of L, which by transformer action is equivalent to using 
a higher load resistance across the whole circuit. 


However, when the circuit delivers energy to 
a load (as in the case of the resonant circuits 
used in transmitters) the energy consumed in 
the circuit itself is usually negligible compared 
with that consumed by the load. The equivalent 
of such a circuit is shown in Fig. 2-43A, where 
the parallel resistor represents the load to which 


- power is delivered. If the power dissipated in the 


load is at least ten times as great as the power 
lost in the inductor and capacitor, the parallel im- 
pedance of the resonant circuit itself will be so 
high compared with the resistance of the load 
that for all practical purposes the impedance of 
the combined circuit is equal to the load resist- 
ance. Under these conditions the Q of a parallel- 
resonant circuit loaded by a resistive impedance is 


R 
oe 


where Q = Quality factor 
R = Parallel load resistance (ohms) 
X = Reactance (ohms) of either the in- 
ductor or capacitor 


Example: A resistive load of 3000 ohmsis con- 
nected across a resonant circuit in which the in- 


Radio-Frequency Circuits 


ductive and capacitive reactances are each 250 
ohms. The circuit Q is then 


The “effective’ Q of a circuit loaded by a 
parallel resistance becomes higher when the re- 
actances are decreased. A circuit loaded with a 
relatively low resistance (a few thousand ohms) 
must have low-reactance elements (large capaci- 


tance and small inductance) to have reasonably 
high Q, - 


Impedance Transformation 


An important application of the parallel- 
resonant circuit is as an impedance-matching de- 
vice in the output circuit of a vacuum-tube r.f. 
power amplifier. As described in the chapter on 
vacuum tubes, there is an optimum value of load 
resistance for each type of tube and set of operat- 
ing conditions. However, the resistance of the 
load to which the tube is to deliver power usually 
is considerably lower than the value required for 
proper tube operation. To transform the actual 
load resistance to the desired value the load may 
be tapped across part of the coil, as shown in 
Fig. 2-43B. This is equivalent to connecting a 
higher value of load resistance across the whole 
circuit, and is similar in principle to impedance 
transformation with an iron-core transformer. 
In high-frequency resonant circuits the im- 
pedance ratio does not vary exactly as the square 
of the turns ratio, because all the magnetic flux 
lines do not cut every turn of the coil. A desired 


reflected impedance usually must be obtained by. 


experimental adjustment. 

When the load resistance has a very low value 
(say below 100 ohms) it may be connected in 
series in the resonant circuit (as in Fig. 2-41A, 
for example), in which case it is transformed to 
an equivalent parallel] impedance as previously 
described. If the Q is at least 10, the equivalent 
parallel impedance is 


xX? 
Ze = R 
where Z, = Resistive parallel impedance at reso- 
nance 


x Reactance (in ohms) of either the 
coil or capacitor 


R = Load resistance inserted in series 


If the Q is lower than 10 the reactance will have 
to be adjusted somewhat, for the reasons given in 
the discussion of low-Q circuits, to obtain a re- 
sistive impedance of the desired value. 


Reactance Values 


The charts of Figs. 2-44 and 2-45 show react- 
ance values of inductances and capacitances in 
the range commonly used in r.f. tuned circuits 
for the amateur bands. With the exception of the 
3.5-4 Me. band, limiting values for which are 
shown on the charts, the change in reactance over 
a band, for either inductors or capacitors, is small 
enough so that a single curve gives the reactance 
with ‘sufficient accuracy for most practical 
purposes, 
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Fig. 2-44—Reactance chart for inductance values 
commonly used in amateur bands from 1.75 to 220 Mc. 


2000 


L/C Ratio 


The formula for resonant frequency of a circuit 
shows that the same frequency always will be 
obtained so long as the product of L and C is con- 
stant. Within this limitation, it is evident that Z 
can be large and C' small, L. small and C large, etc. 
The relation between the two for a fixed fre- 
quency is called the L/C ratio. A high-C circuit 
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Fig. 2-45—Reactance chart for capacitance values com- 
monly used in amateur bands from 1.75 to 220 Mc, 
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29-ELECTRICAL LAWS AND CIRCUITS 


is one that has more capacitance than ‘‘normal”’ 
for the frequency; a low-C circuit one that has 
less than normal capacitance. These terms depend 
toa considerable extent upon the particular ap- 
plication considered, and have no exact numeri- 
cal meaning. 


LC Constants 


It is frequently convenient to use the numerical 
value of the ZC constant when a number of calcu- 
lations have to be made involving different L/C 
ratios for the same frequency. The constant for 
any frequency is given by the following equation: 


25,330 


LC = = 


where L = Inductance in microhenrys (uh.) 
C = Capacitance in micromicrofarads 
(upf.) 
f = Frequency in megacycles 
Example: Find the inductance required to 


resonate at 3650 ke. (3.65 Mc.) with capaci- 
tances of 25, 50, 100, and 500 uwuf. The LC 


constant is 
fs 25,330 ‘a 25,330 = 1900 
(3.65) 2 IS si 
With 25 ppf. L = 1900/C = 1900/25 
VAT 
50 uwuf. L = 1900/C = 1900/50 
SSAct, 
100 puf. L = 1900/C = 1900/100 
= 19 wh. 
500 pwyf. L = 1900/C = 1900/500 
05 oats : 


@ COUPLED CIRCUITS 


Energy Transfer and Loading 


Two circuits are coupled when energy can be 
transferred from one to the other. The circuit 
delivering power is called the primary circuit; the 
one receiving power is called the secondary cir- 
cuit. The power may be practically all dissipated 
in the secondary circuit itself (this is usually the 
case in receiver circuits) or the secondary may 
simply act as a medium through which the power 
is transferred to a load. In the latter case, the 
coupled circuits may act as a radio-frequency 
impedance-matching device. The matching can 
be accomplished by adjusting the loading on the 
secondary and by varying the amount of coupling 
between the primary and secondary. 


Coupling by a Common Circuit Element | 


One method of coupling between two resonant 
circuits is through a circuit element common to 
both. The three common variations of this type 
of coupling are shown in Fig. 2-46; the circuit 
element common to both circuits carries the sub- 
script M. At A and B current circulating in 
LC; flows through the common element, and the 
voltage developed across this element causes 
current to flow in LoCo. At C, Cm and C2 form a 
capacitive voltage divider across L,C;, and some 
of the voltage developed across LC; is applied 
across LoC>. 


46 


(C) 
Fig. 2-46—Three methods of circuit coupling. 


If both circuits are resonant to the same 
frequency, as is usually the case, the value of 
coupling reactance required for maximum energy 
transfer can be approximated by the following, 
based on Ly = Le, Cy = C2 and Q; = Qo: 

(A) Im = 11/Q1; (B) Cm = Q1C1; (C) Cm = 
C1/Q1. 

The coupling can be increased by increasing 
the above coupling elements in A and C and 
decreasing the value in B. When the coupling is 
increased, the resultant bandwidth of the com- 
bination is increased, and this principle is some- 
times applied to ‘‘broad-band”’ the circuits in a 
transmitter or receiver. When the coupling 
elements in A and C are decreased, or when the 
coupling element in B is increased, the coupling 
between the circuits is decreased below the 
critical coupling value on which the above 
approximations are based. Less than critical 
coupling will decrease the bandwidth and the 
energy transfer; the principle is often used in 
receivers to improve the selectivity. 


Inductive Coupling 


Figs. 2-47 and 2-48 show inductive coupling, or 
coupling by means of the mutual inductance be- 
tween two coils. Circuits of this type resemble the 
iron-core transformer, but because only a part of 


om @ 


Fig. 2-47—-Single-tuned inductively coupled circuits. 


Coupled Circuits 


the magnetic flux lines set up by one coil cut the 
turns of the other coil, the simple relationships 
between turns ratio, voltage ratio and impedance 
ratio in the iron-core transformer do not hold. 

Two types of inductively-coupled circuits are 
shown in Fig. 2-47. Only one circuit is resonant. 
The circuit at A is frequently used in receivers for 
coupling between amplifier tubes when the tuning 
of the circuit must be varied to respond to signals 
of different frequencies. Circuit B is used prin- 
cipally in transmitters, for coupling a radio- 
frequency amplifier to a resistive load. 

In these circuits the coupling between the 
primary and secondary coils usually is “tight”? — 
that is, the coefficient of coupling between the 
coils is large. With very tight coupling either cir- 
cuit operates nearly as though the device to which 
the untuned coil is connected were simply tapped 
across a corresponding number of turns on the 
tuned-circuit coil, thus either circuit is approxi- 
mately equivalent to Fig. 2-43B. 

By proper choice of the number of turns on 
the untuned coil, and by adjustment of the 
coupling, the parallel impedance of the tuned cir- 
cuit may be adjusted to the value required for 
the proper operation of the device to which it is 
connected. In any case, the maximum energy 
transfer possible for a given coefficient of coupling 
is obtained when the reactance of the untuned 
coil is equal to the resistance of its load. 

The Q and parallel impedance of the tuned 
circuit are reduced by coupling through an un- 
tuned coil in much the same way as by the 
tapping arrangement shown in lig. 2-43B. 


Coupled Resonant Circuits 


When the primary and secondary circuits are 
both tuned, as in Fig. 2-48, the resonance effects 


Fig. 2-48—Inductively-coupled resonant circuits. Circuit A 

is used for high-resistance loads (load resistance much 

higher than the reactance of either Lz or C2 at the resonant 

frequency). Circuit B is suitable for low resistance loads 

(load resistance much lower than the reactance of either 
Lo or Co at the resonant frequency). 


in both circuits make the operation somewhat 
more complicated than in the simpler circuits just 
considered. Imagine first that the two circuits are 
not coupled and that each is independently tuned 
to the resonant frequency. The impedance of each 
will be purely resistive. If the primary circuit is 
connected to a source of r.f, energy of the. resonant 


frequency and the secondary is then loosely 
coupled to the primary, a current will flow in the 
secondary circuit. In flowing through the re- 
sistance of the secondary circuit and any load 
that may be connected to it, the current causes a 
power loss. This power must come from the 
energy source through the primary circuit, and 
manifests itself in the primary as an increase in 
the equivalent resistance in series with the 
primary coil. Hence the Q and parallel impedance 
of the primary circuit are decreased by the 
coupled secondary. As the coupling is made 
greater (without changing the tuning of either 
circuit) the coupled resistance becomes larger 
and the parallel impedance of the primary con- 
tinues to decrease. Also, as the coupling is made 
tighter the amount of power transferred from the 
primary to the secondary will increase to a 
maximum at one value of coupling, called critical 
coupling, but then decreases if the coupling 
is tightened still more (still without changing the 
tuning). 

Critical coupling is a function of the Qs of the 
two circuits. A higher coefficient of coupling is 
required to reach critical coupling when the Qs. 
are low; if the Qs are high, as in receiving applica- 
tions, a coupling coefficient of a few per cent may 
give critical coupling. 

With loaded circuits such as are used in trans- 
mitters the Q may be too low to give the desired 
power transfer even when the coils are coupled 
as tightly as the physical construction permits. 
In such case, increasing the Q of either circuit 
will be helpful, although it is generally better to 
increase the Q of the lower-Q circuit rather than 
the reverse. The Q of the parallel-tuned primary 
(input) circuit can be increased by decreasing the 
L/C ratio because, as shown in connection with 
Fig. 2-43, this circuit is in effect loaded by a 
parallel resistance (effect of coupled-in resist- 
ance). In the parallel-tuned secondary circuit, 
Fig. 2-48A, the Q can be increased, for a fixed 
value of load resistance, either by decreasing the 
L/C ratio or by tapping the load down (see Fig. 
2-43). In the series-tuned secondary circuit, Fig. 
2-48B, the Q may be increased by zncreasing the 
L/C ratio. There will generally be no difficulty in 
securing sufficient coupling, with practicable 
coils, if the product of the Qs of the two tuned 
circuits is 10 or more. A smaller product will 
suffice if the coil construction permits tight 
coupling. 


Selectivity 


In Fig. 2-47 only one circuit is tuned and the 
selectivity curve will be essentially that of a single 
resonant circuit. As stated, the effective Q de- 
pends upon the resistance connected to the un- 
tuned coil. 

In Fig. 2-48, the selectivity is the same as that 
of a single tuned circuit having a Q equal to the 
product of the Qs of the individual circuits — if 
the coupling is well below critical (this is not the 
condition for optimum power transfer discussed 
immediately above) and both circuits are tuned 
to resonance. The Qs of the individual circuits 
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RELATIVE OUTPUT VOLTAGE 


+ 
FREQUENCY 


Fig. 2-49—Showing the effect on the output voltage from 
the secondary circuit of changing the coefficient of coupling 
between two resonant circuits independently tuned to the 
same frequency. The voltage applied to the primary is 
held constant in amplitude while the frequency is varied, 
and the output voltage is measured across the secondary. 


are affected by the degree of coupling, because 
each couples resistance into the other; the 
tighter the coupling, the lower the individual Qs 
and therefore the lower the over-all selectivity. 

If both circuits are independently tuned to 
resonance, the over-all selectivity will vary about 
as shown in Fig. 2-49 as the coupling is varied. 
With loose coupling, A, the output voltage 
(across the secondary circuit) is small and the 
selectivity is high. As the coupling is increased 
the secondary voltage also increases until critical 
coupling, B, is reached. At this point the output 
voltage at the resonant frequency is maximum 
but the selectivity is. lower than with looser 
coupling. At still tighter coupling, C, the’ ‘output 
voltage at the resonant frequency decreasés}., but 
as the frequency is varied either side of resonatice 
it is found that there are two “humps” to the 
curve, one on either side of resonance. With very 
tight coupling, D, there is a further decrease in 
the output voltage at resonance and the “humps” 
are farther away from the resonant frequency. 
Curves such as'those at C and D are called flat- 
topped because the output voltage does not change 
much over an appreciable band of frequencies. 

Note that the off-resonance humps have the 
same maximum value as the resonant output volt- 
age at critical coupling. These humps are caused 
by the fact that at frequencies off resonance the 
secondary circuit is reactive and couples reactance 
as well as resistance into the primary. The cou- 
pled resistance decreases off resonance, and each 
hump represents a new condition of critical cou- 
pling at a frequency to which the primary is 
tuned by the additional coupled-in reactance 
from the secondary. 

Fig. 2-50 shows the response curves for various 
degrees of coupling between two circuits tuned 
to a frequency f,. Equal Qs are assumed in both 
circuits, although the curves are representative 


if the Qs differ by ratios up to 1.5 or even 2 to 1, 
= VQ:Q2 should 


In these cases, a value of: Q 


be used. 
ae Band-Pass Coupling 
Over-coupled resonant circuits are useful where 
substantially uniform output is desired over a 
continuous band of frequencies, without read- 
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Fig. 2-50—Relative response for a single tuned circuit 
and for coupled circuits. For inductively-coupled circuits 


M 
(Figs. 2-46A and 2-48A), k = —=— where M is the 
z V Liles 
mutual inductance. For capacitance-coupled circuits (Figs. 


C 
2-468 and 2-46C), C102 nd: Kee 
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respectively. 


justment of tuning. The width of the flat top of 


the resonance curve depends on the Qs of the two 
circuits as well as the tightness of coupling; the 


frequency separation between the humps will 
increase, and the curve become more flat-topped, 
as the Qs are lowered. 

Band-pass operation also is secured by tuning 
the two circuits to slightly different frequencies, 
which gives a double-humped resonance curve 
even with loose coupling. This is called stagger 
tuning. However, to secure adequate power 
transfer over the frequency band it is usually 
necessary to use tight coupling and experimentally 
adjust the circuits for the desired performance. 


Link Coupling 


A modification of inductive coupling, called 
link coupling, is shown in Fig. 2-51. This gives 


Fig. 2-51—Link coupling. The mutual inductances at both 
ends of the link are equivalent to mutual inductance be- 
tween the tuned circuits, and serve the same purpose. 


the effect of inductive coupling between two coils 


that have no mutual inductance; the link is 
- simply a means for providing the mutual induct- 


ance. The total mutual inductance between two 
coils coupled by a link cannot be made as great 
as if the coils themselves were coupled. This is 
because the coefficient of coupling between air- 
core coils is considerably less than 1, and since 


Impedance Matching 


there are two coupling points the over-all coupling 
coefficient is less than for any pair of coils. In 


practice this need not be disadvantageous because. 


the power transfer can be made great enough by 
making the tuned circuits sufficiently high-Q. 
Link coupling is convenient when ordinary in- 
ductive coupling would be impracticable for con- 
structional reasons. 

The link coils usually have a small number of 
turns compared with the resonant-circuit coils. 
The number of turns is not greatly important, 
because the coefficient of coupling is relatively 
independent of the number of turns on either coil; 
it is more important that both link coils should 
have about the same inductance. The length of the 
link between the coils is not critical if it is very 
small compared with the wavelength, but if the 
length is more than about one-twentieth of a 
wavelength the link operates more as a transmis- 
sion line than as a means for providing mutual 
inductance. In such case it should be treated by 
the methods described in the chapter on Trans- 
mission Lines. 


@ IMPEDANCE-MATCHING CIRCUITS 


The coupling circuits discussed 1 in the preced- 
ing section have been based either-on inductive- 
~ coupling or on coupling through a common cir- 
cuit element between two resonant circuits. These 
are not the only circuits that may be used for 
transferring power from one device to another. 
There is, in fact, a wide variety of sueh circuits 
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Fig. 2-52—Impedance-matching networks dantable to 
amateur work. (A) L network for transforming to a higher 
value of resistance. (B) -L network for transforming 
to a lower resistance value..(C) Pi network. Ri is the 


larger of the two resistors; Q is defined as Ri/Xc.- 


(D) Tapped tuned circuit used in some receiver applica- 
tions. The impedance of the tuned circuit is transformed 
to a lower value, Rin, by the capacitive divider. 
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available, all of them being classified generally as 
impedance-matching networks. Several net- 


-works frequently used in amateur equipment are 


shown in Fig. 2-52. 


The L Network 


The L network is the simplest possible im- 
pedance-matching circuit. It closely resembles 
an ordinary resonant circuit with the load resist- 
ance, f, Fig. 2-52, either in series or parallel. 
The arrangement shown in Fig. 2-52A is used 
when the desired impedance, Fin, is larger than 
the actual load resistance, R, while Fig. 2-52B 
is used in the opposite case. The design equations 
for each case are given in the figure, in terms of 
the circuit reactances. The reactances may be 
converted to inductance and capacitance by 
means of the formulas previously given or taken 
directly from the charts of Figs. 2-44 and 2-45. 

When the impedance transformation ratio is 
large — that is, one of the two impedances is 
of the order of 100 times (or more) larger than the 
other — the operation of the circuit is exactly 
the same as previously discussed in connection 
with impedance transformation with a simple 
LC resonant circuit. 

The Q of an L network is found in the same 
way as for simple resonant circuits. That is, it is 
equal to XL/FR or Rin/Xc in Fig. 2-52A, and to 
Xzu/Rin or R/Xc in Fig. 2-52B. The value of 
@ is determined by the ratio of the impedances 
to be matched, and cannot be selected inde- 
pendently. In the equations of Fig. 2-52 it is as- 
sumed that both & and Rr are pure resistances. 


The Pi Network 


The pi network, shown in Fig. 2-52C, offers 
more flexibility than the L since the operating Q 
may be chosen practically at will. The only limita- 
tion on the circuit values that may be used is that 
the reactance of the series arm, the inductor Z in 
the figure, must not be greater than the square 
root of the product of the two values of resistive 
impedance to be matched. As the circuit is ap- 
plied in amateur equipment, this limiting value 
of reactance would represent a network with an 
undesirably low operating Q, and the circuit val- 
ues ordinarily used are well on the safe side of 
the limiting values. 

In its principal application as a ‘‘tank”’ circuit 
matching a transmission line to a power amplifier 
tube, the load > will generally have a fairly 
low value of resistance (up to a few hundred 
ohms) while f1, the required load for the tube, 


- will be of the order of a few thousand ohms. 
_In such a case the Q of the circuit is defined as 


R,/Xci, so the choice of a value for the operat- 


. ing Q immediately sets the value of Xc1 and hence 


of C,. The values of Xco and Xy are then 
found from the equations given in the figure. 
_Graphical solutions of these equations for the 
most important practical cases are given in the 
chapter on transmitter design in the discussion 
of plate tank circuits. The L and C values may be 
calculated from the reactances or read from the 


charts of Figs. 2-44 and 2-45. - 
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Fig. 2-53-—Basic filter sections and design formulas. In the above formulas R is in ohms, C in farads, L in henrys, and f 
in cycles per second. 


Filters 


Tapped Tuned Circuit 


The tapped tuned circuit of Fig. 2-52C is use- 
ful in some receiver applications, where it is desir- 
able to use a high-impedance tuned circuit as a 
lower-impedance load. When the Q of the in- 
ductor has been determined, the capacitors can 
be selected to give the desired impedance trans- 
formation and the necessary resultant capac- 
itance to tune the circuit to resonance. 


@ FILTERS 


A filter is an electrical circuit configuration 
(network) designed to have specific characteris- 
tics with respect to the transmission or attenua- 
tion of various frequencies that may be applied to 
it. There are three general types of filters: low- 
pass, high-pass, and band-pass. 

A low-pass filter is one that will permit all 
frequencies below a specified one called the cut-off 
frequency to be transmitted with little or no loss, 
but that will attenuate all frequencies above the 
cut-off frequency. 

A high-pass filter similarly has a cut-off fre- 
quency, above which there is little or no loss in 
transmission, but below which there is consider- 
able attenuation. Its behavior is the opposite of 
that of the low-pass filter. 

A band-pass filter is one that will transmit a 
selected band of frequencies with substantially 
no loss, but that will attenuate all frequencies 
either higher or lower than the desired band. 

The pass band of a filter is the frequency spec- 
trum that is transmitted with little or no loss. 
The transmission characteristic is not necessarily 
perfectly uniform in the pass band, but the varia- 
tions usually are small. 

The stop band is the Heater region in which 
attenuation is desired. The attenuation may vary 
in the stop band, and in a simple filter usually is 
least near the cut-off frequency, rising to high 
values at frequencies considerably removed from 
the cut-off frequency. 

Filters are designed for a specific value of 
purely resistive impedance (the terminating im- 
pedance of the filter). When such an impedance 
is connected to the output terminals of the filter, 
the impedance looking into the input terminals 
has essentially the same value, throughout most 
of the pass band. Simple filters do not give per- 
fectly uniform performance in this respect, but 
the input impedance of a properly-terminated 
filter can be made fairly constant, as well as 
closer to the design value, over the pass band 
by using m-derived filter sections. 

A discussion of filter design principles i is hevahd 
the scope of this Handbook, but it is not difficult 
to build satisfactory filters from the circuits and 
formulas given in Fig. 2-53. Filter circuits are 
built up from elementary sections as shown in the 
figure. These sections can be used alone or, if 
greater attenuation and sharper cut-off (that is, a 
more rapid rate of rise of attenuation with fre- 
quency beyond the cut-off frequency) are re- 
quired, several sections can be connected in 
series. In the low- and high-pass filters, f. repre- 


sents the cut-off frequency, the highest (for the 
low-pass) or the lowest (for the high-pass) fre- 
quency transmitted without attenuation. In the 
band-pass filter designs, f; is the low-frequency 
cut-off and fo the high-frequency cut-off. The 
units for L, C, R and f are henrys, farads, ohms 
and cycles per second, respectively. 

All of the types shown are ‘‘unbalanced”’ (one 
side grounded). For use in balanced circuits (e.g., 
300-ohm transmission line, or push-pull audio 
circuits), the series reactances should be equally 
divided between the two legs. Thus the balanced 
constant-k z-section low-pass filter would use two 
inductors of a value equal to Lx/2, while the 
balanced constant-k z-section high-pass filter 
would use two capacitors each equal to 2C. 

If several low- (or high-) pass sections are to 
be used, it is advisable to use m-derived end 
sections on either side of a constant-k center sec- 
tion, although an m-derived center section can be 
used. The factor m determines the ratio of the 
cut-off frequency, f., to a frequency of high 
attenuation, fo. Where only one m-derived sec- 
tion is used, a value of 0.6 is generally used for m, 
although a deviation of 10 or 15 per cent from 
this value is not too serious in amateur work. 
For a value of m = 0.6, fx will be 1.25f. for the 
low-pass filter and 0.8f. for the high-pass filter. 
Other values can be found from 


m= | 1 (=) for the low-pass filter anc 
co 


m= | 1 (2) for the high-pass filter. 


The output sides of the filters shown should be 
terminated in a resistance equal to R, and there 
should be little or no reactive component in the 
termination. 


@ PIEZOELECTRIC CRYSTALS 


A number of crystalline substances found in 
nature have the ability to transform mechanical 
strain into an electrical charge, and vice versa. 
This property is known as the piezoelectric effect. 
A small plate or bar cut in the proper way from a 
quartz crystal and placed between two conduct- 
ing electrodes will be mechanically strained 
when the electrodes are connected to a source of 
voltage. Conversely, if the crystal is squeezed 
between two electrodes a voltage will be devel- 
oped between the electrodes. 

- Piezoelectric crystals can be used to transform 
mechanical energy into electrical energy, and vice 
versa. They are used in microphones and phono- 
graph pick-ups, where mechanical vibrations are 
transformed into alternating voltages of corres- 
ponding frequency. They are also used in head- 
sets and loudspeakers, transforming electrical 
energy into mechanical vibration. Crystals of 
Rochelle salts are used for these purposes. 


Crystal Resonators 


Crystalline plates also are mechanical resona- 
tors that have natural frequencies of vibration 
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ranging from a few thousand cycles to tens of 
megacycles per second. The vibration frequency 
depends on the kind of crystal, the way the plate 
is cut from the natural crystal, and on the dimen- 
sions of the plate. The thing that makes the crys- 
tal resonator valuable is that it has extremely 
high Q, ranging from 5 to 10 times the Qs obtain- 
able with good LC resonant circuits. 

Analogies can be drawn between various me- 
chanical properties of the crystal and the elec- 
trical characteristics of a tuned circuit. This 
leads to an “equivalent circuit” for the crystal. 
The electrical coupling to the crystal is through 


the holder plates between which it is sandwiched; . 


these plates form, with the crystal as the dielec- 
tric, a small capacitor like any other capacitor 
constructed of two plates with a dielectric be- 
tween. The crystal itself is equivalent to a series- 
resonant circuit, and together with the capaci- 
tance of the holder forms the equivalent circuit 
shown in Fig. 2-54. At frequencies of the order of 
450 ke., where crystals are widely used as resona- 
tors, the equivalent Z may be several henrys and 
the equivalent C only a few hundredths of a 


Fig. 2-54—Equivalent cir- 
cuit of a crystal resonator. L 
L, C and R are the electrical 
equivalents of mechanical 
properties of the crystal; C 
Cy is the capacitance of the 
holder plates with the crys- 

tal plate between them. R 


micromicrofarad. Although the equivalent F& is 
of the order of a few thousand ohms, the react- 


ance at resonance is so high that the Q of the 


crystal likewise is high. 
A circuit of the type shown in Fig. 2-54 has a 


series-resonant frequency, when viewed from the 


circuit terminals indicated by the arrowheads, 


determined by L and C only. At this frequency. 
the circuit impedance is simply equal to ft, pro-- 


viding the reactance of Ch is large compared with 


R (this is generally the case). The circuit also 
has a parallel-resonant frequency determined by 
L and the equivalent capacitance of C and Ch 
in series. Since this equivalent capacitance is 
smaller than C alone, the parallel-resonant fre- 
quency is higher than the series-resonant fre- 
quency. The separation between the two resonant 
frequencies depends on the ratio of Cy to C, and 
when this ratio is large (as in the case of a crystal 
resonator, where Cn will be a few uyf. in the 
average case) the two frequencies will be quite 
close together. A separation of a kilocycle or 
less at 455 ke. is typical of a quartz crystal. 

Fig. 2-55 shows how the resistance and react- 


Fig. 2-55—Re- 
actance and re- 
sistance vs. fre- 
quency of a cir- 
cuit of the type 
shown in Fig. 
2-54. Actual 
values of react- 
ance, resistance 
and the sepa- 
ration between 
the series- and 
parallel-res- 
onant frequen- 
cies, fi, and fo, 
respectively, 
depend on the 
circuit constants. 
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ance of such a circuit vary as the applied fre- 
quency is varied. The reactance passes through 
zero at both resonant frequencies, but the resist- 
ance rises to a large value at parallel resonance, 
just as in any tuned circuit. 

Quartz crystals may be used either as simple 
resonators for their selective properties or as the 
frequency-controlling elements in oscillators as 
described in later chapters. The series-resonant 
frequency is the one principally used in the former 
case, while the more common forms of oscillator 
circuit use the parallel-resonant frequency. 


Practical Circuit Details 


@ COMBINED A.C. AND D.C. 


Mest radio circuits are built around vacuum 


tubes, and it is the nature of these tubes to require 


direct current (usually at a fairly high voltage) 
for their operation. They convert the direct cur- 
rent into an alternating current (and sometimes 
the reverse) at frequencies varying from well 
down in the audio range to well up in the super- 
high range. The conversion process almost in- 
variably requires that the direct and alternating 
currents meet somewhere in the circuit. 

In this meeting, the a.c. and d.c. are actually 
combined into a single current that ‘pulsates” 
(at the a.c. frequency) about an average value 
equal to the direct current. This is shown in Fig. 
2-56. It is convenient to consider that the alter- 
nating current is superimposed on the direct cur- 
rent, so we may look upon the actual current as 
having two components, one'd.c. and the other a.c. 
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Fig. 2-56—Pulsat- 
ing d.c., composed 
of an alternating 
current or voltage 
superimposed on a 
steady direct cur- 
rent or voltage. 
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In an alternating current the positive and nega- 
tive alternations have the same average ampli- 
tude, so when the wave is superimposed on a 
direct current the latter is alternately increased 
and decreased by the same amount. There is thus 
no average change in the direct current. If a d.c. 
instrument is being used to read the current, the 
reading will be exactly the same whether or not 
the a.c. is superimposed. 

However, there is actually more power in such 
a combination current than there is in the direct 


Practical Circuit Details 


current alone. This is because power varies as the 
square of the instantaneous value of the current, 
and when all the instantaneous squared values 
are averaged over a cycle the total power is 
greater than the d.c. power alone. If the a.c. isa 
sine wave having a peak value just equal to the 
d.c., the power in the circuit is 1.5 times the d.e. 
power. An instrument whose readings are pro- 
portional to power will show such an increase. 


Series and Parallel Feed 


Fig. 2-57 shows in simplified form how d.c. and 
a.c. may be combined in a vacuum-tube circuit. 
In this case, it is assumed that the a.c. is at 
radio frequency, as suggested by the coil-and- 
capacitor tuned circuit. It is also assumed that 
r.f. current can easily flow through the d.c. 
supply; that is, the impedance of the supply at 
radio frequencies is so small as to be negligible. 

In the circuit at the left, the tube, tuned circuit, 
and d.c. supply all are connected in series. The 
direct current flows through the r.f. coil to get to 
the tube; the r.f. current generated by the tube 


Parallel Feed 


Series Feed 


Fig. 2-57—lllustrating series and parallel feed. 


flows through the d.c. supply to get to the tuned 
circuit. This is series feed. It works because the 
impedance of the d.c. supply at radio frequencies 
is so low that it does not affect the flow of rf. cur- 
rent, and because the d.c. resistance of the coil is 
so low that it does not affect the flow of direct 
current. 

In the circuit at the right the direct current 
does not flow through the r.f. tuned circuit, but 
instead goes to the tube through a second coil, 
RFC (radio-frequency choke). Direct current 
cannot flow through L because a blocking capaci- 
tance, C, is placed in the circuit to prevent it. 
(Without C, the d.c. supply would be short- 
circuited by the low resistance of L.) On the 
other hand, the r.f. current generated by the tube 
can easily flow through C to the tuned circuit be- 
cause the capacitance of C is intentionally chosen 
to have low reactance (compared with the im- 
pedance of the tuned circuit) at the radio fre- 
quency. The r.f. current cannot flow through the 
d.c. supply because the inductance of RFC is in- 
tentionally made so large that it has a very high 
reactance at the radio frequency. The resistance 
of RFC, however, is too low to have an appre- 
ciable effect on the flow of direct current. The two 
currents are thus in parallel, hence the name 
parallel feed. 


Hither type of feed may be used for both a.f. 
and r.f. circuits. In parallel feed there is no d.c. 
voltage on the a.c. circuit, a desirable feature 
from the viewpoint of safety to the operator, be- 
cause the voltages applied to tubes — particu- 
larly transmitting tubes — are dangerous. On the 
other hand, it is somewhat difficult to make an 
r.f. choke work well over a wide range of fre- 
quencies. Series feed is often preferred, therefore, 
because it is relatively easy to keep the impedance 
between the a.c. circuit and the tube low, 


Bypassing 


In the series-feed circuit just discussed, it was 
assumed that the d.c. supply had very low im- 
pedance at radio frequencies. This is not likely 
to be true in a practical power supply, partly 
because the normal physical separation between 
the supply and the r.f. circuit would make it 
necessary to use rather long connecting wires or 
leads. At radio frequencies, even a few feet of 
wire can have fairly large reactance -— too large 
to be considered a really ‘‘low-impedance”’ con- 
nection. 

An actual circuit would be provided with a 
bypass capacitor, as shown in Fig. 2-58. Capaci- 
tor C is chosen to have low reactance at the 
operating frequency, and is installed right in the 
circuit where it can be wired to the other parts 
with quite short connecting wires. Hence the r.f. 
current will tend to flow through it rather than 
through the d.c. supply. 

To be effective, the reactance of the bypass 


Fig. 2-58—Typical use 

of a bypass capacitor 

and r.f. choke in oa 
series-feed circuit. 


capacitor should not be more than one-tenth of 
the impedance of the bypassed part of the cir- 
cuit. Very often the latter impedance is not 
known, in which case it is desirable to use the 
largest capacitance in the bypass that circum- 
stances permit. To make doubly sure that r.f. 
current will not flow through a non-r.f. circuit 
such as a power supply, an r.f. choke may be 
connected in the lead to the latter, as shown in 
Fig. 2-58. 

The same type of bypassing is used when audio 
frequencies are present in addition to r.f. Because 
the reactance of a capacitor changes with fre- 
quency, it is readily possible to choose a capaci- 
tance that will represent a very low reactance at 
radio frequencies but that will have such high 
reactance at audio frequencies that it is practi- 
cally an open circuit. A capacitance of 0.001 uf. 
is practically.a short circuit for r.f., for example, 
but is almost an open circuit at audio frequencies. 
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(The actual value of capacitance that is usable 
will be modified by the impedances concerned.) 
Bypass capacitors also are used in audio circuits 
to carry the audio frequencies around a d.c. 


supply. 
Distributed Capacitance and Inductance 


In the discussions earlier in this chapter it 
was assumed that a capacitor has only capaci- 
tance and that an inductor has only inductance. 
Unfortunately, this is not strictly true. There is 
always a certain amount of inductance in a con- 
ductor of any length, and a eapacitor is bound 
to have a little inductance in addition to its 
intended capacitance. Also, there is always ca- 
pacitance between two conductors or between 
parts of the same conductor, and thus there is 
appreciable capacitance between the turns of an 
inductance coil. 

This distributed inductance in a capacitor and 
the distributed capacitance in an inductor have 
important practical effects. Actually, every ca- 
pacitor is a tuned circuit, resonant at the fre- 
quency where its capacitance and distributed 
inductance have the same reactance. The same 
thing is true of a coil and its distributed capaci- 
tance. At frequencies well below these natural 
resonances, the capacitor will act like a normal 
capacitance and the coil will act like a normal 
inductance. Near the natural resonant points, 
the coil and capacitor act like self-tuned circuits. 
Above resonance, the capacitor acts like an in- 
ductor and the inductor acts like a capacitor. 
Thus there is a limit to the amount of capacitance 
that can be used at a given frequency. There is a 
similar limit to the inductance that can be used. 
At audio frequencies, capacitances measured in 
microfarads and inductances measured in henrys 
are practicable. At low and medium radio fre- 
quencies, inductances of a few millihenrys and 
capacitances of a few thousand micromicro- 
farads are the largest practicable. At high radio 
frequencies, usable inductance values drop to 
a few microhenrys and capacitances to a few 
hundred micromicrofarads. 

Distributed capacitance and inductance are 
important not only in r.f. tuned circuits, but in 
bypassing and choking as well. It will be appre- 
ciated that a bypass capacitor that actually 
acts like an inductance, or an r.f. choke that acts 
like a low-reactance capacitor, cannot work as it 
is intended they should. 


Grounds 


Throughout this book there are frequent refer- 
ences to ground and ground potential. When a 
connection is-said to be “grounded”’ it does not. 
necessarily mean that it actually goes to earth. 
What it means is that an actual earth connection 
to that point in the circuit should not disturb 
the operation of the circuit in any way. The 
term also is used to indicate a “common” point 
in the circuit where power supplies and metallic 
supports (such as a metal chassis) are electrically 
tied together. It is general practice, for example, 
to “ground” the negative terminal of a d.c. power 
supply, and to “ground” the filament or heater 
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power supplies for vacuum tubes. Since the 
cathode of a vacuum tube is a junction point 
for grid and plate voltage supplies, and since the 
various circuits connected to the tube elements 
have at least one point connected to cathode, 
these points also are “returned to ground.” 
Ground is therefore a common reference point 
in the radio circuit. ‘‘Ground potential’? means 
that there is no “‘difference of potential’? — that 
is, no voltage — between the circuit point and 
the earth. 


Single-Ended and Balanced Circuits 


With reference to ground, a circuit may be 
either sirgle-ended (unbalanced) or balanced. 
In a single-ended circuit, one side of the cir- 
cuit is connected to ground. In a _ balanced 
circuit, the electrical midpoint is connected to 
ground, so that the circuit has two ends each 
at the same voltage ‘“‘above”’ ground. 

Typical single-ended and balanced circuits are 
shown in Fig. 2-59. R.f. circuits are shown in 
the upper row, while iron-core transformers (such 
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Fig. 2-59—Single-ended and balanced circuits. 


as are used in power-supply and audio circuits) 
are shown in the lower row. The r.f. circuits may 
be balanced either by connecting the center of 
the coil to ground or by using a “balanced”’ or 
“split-stator”’ capacitor and connecting its rotor. 
to ground. In the iron-core transformer, one or 
both windings may be tapped at the center of 
the winding to provide the ground connection. 


Shielding 


Two circuits that are physically near each 
other usually will be coupled to each other in 
some degree even though no coupling is intended. 
The metallic parts of the two circuits form a 
small capacitance through which energy can be 
transferred by means of the electric field. Also, 
the magnetic field about the coil or wiring of 
one circuit can couple that circuit to a second 
through the latter’s coil and wiring. In many 
cases these unwanted couplings must be prevented 
if the circuits are to work properly. 

Capacitive coupling may readily be prevented 
by enclosing one or both of the circuits in 
grounded low-resistance metallic containers, 
called shields. The electric field from the circuit 
components does not penetrate the shield. A 
metallic plate, called a baffle shield, inserted be- 
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tween two components also may suffice to pre- 
vent electrostatic coupling between them. It 
should be large enough to make the components 
invisible to each other. 

Similar metallic shielding is used at radio fre- 
quencies to prevent magnetic coupling. The 
shielding effect for magnetic fields increases with 
frequency and with the conductivity and thick- 
ness of the shielding material. 

A closed shield is required for good magnetic 
shielding; in some cases separate shields, one 
about each coil, may be required. The baffle shield 
is rather ineffective for magnetic shielding, al- 
though it will give partial shielding if placed at 
right angles to the axes of, and between, the coils 
to be shielded from each other. 

Shielding a coil reduces its inductance, because 
part of its field is canceled by the shieid. Also, 


there is always a small amount of resistance in 
the shield, and there is therefore an energy loss. 
This loss raises the effective resistance of the 
coil. The decrease in inductance and increase in 
resistance lower the Q of the coil, but the reduc- 
tion in inductance and Q will be small if the 
spacing between the sides of the coil and the 
shield is at least half the coil diameter, and if the 
spacing at the ends of the coil is at least equal to 
the coil diameter. The higher the conductivity of 
the shield material, the less the effect on the 
inductance and Q. Copper is the best material, 
but aluminum is quite satisfactory. 

For good magnetic shielding at audio fre- 
quencies it is necessary to enclose the coil in a 
container of high-permeability iron or steel. In 
this case the shield can be quite close to the coil 
without harming its performance. 
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@ RESONANT LINES 


In resonant circuits as employed at the lower 
frequencies it is possible to consider each of the 
reactance components as a separate entity. The 
fact that an inductor has a certain amount of 
self-capacitance, as well as some resistance, 
while a capacitor also possesses a small self- 
inductance, can usually be disregarded. 

At the very-high and ultrahigh frequencies it 
is not readily possible to separate these com- 
ponents. Also, the connecting leads, which at 
lower frequencies would serve merely to join the 
capacitor and coil, now may have more induct- 
ance than the coil itself. The required inductance 
coil may be no more than a single turn of wire, 
yet even this single turn may have dimensions 
comparable to a wavelength at the operating 
frequency. Thus the energy in the field surround- 
ing the “‘coil’” may in part be radiated. At a 
sufficiently high frequency the loss by radiation 
may represent a major portion of the total energy 
in the circuit. 

For these reasons it is common practice to 
utilize resonant sections of transmission line as 
tuned circuits at frequencies above 100 Mc. or so. 
A quarter-wavelength line, or any odd multiple 
thereof, shorted at one end and open at the 
other exhibits large standing waves, as described 
in the section on transmission lines. When a 
voltage of the frequency at which such a line 
is resonant is applied to the open end, the re- 
sponse is very similar to that of a parallel res- 
onant circuit The equivalent relationships are 
shown in Fig. 2-60. At frequencies off resonance 
the line displays qualities comparable with the 
inductive and capacitive reactances of a con- 
ventional tuned circuit, so sections of transmis- 
sion line can be used in much the same manner as 
inductors and capacitors. 

To minimize radiation loss the two conductors 
of a parallel-conductor line should not be more 
than about one-tenth wavelength apart, the 
spacing being measured between the conductor 
axes. On the other hand, the spacing should not 
be less than about, twice the conductor diameter 
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Fig. 2-60—Equivalent coupling circuits for parallel-line, 
coaxial-line and conventional resonant circuits. 


because of “proximity effect,’’ which causes 
eddy currents and an increase in loss. Above 300 
Me. it is difficult to satisfy both these require- 
ments simultaneously, and the radiation from 
an open line tends to become excessive, reducing 
the Q. In such case the coaxial type of line is to 
be preferred, since it is inherently shielded. 
Representative methods for adjusting coaxial 
lines to resonance are shown in Fig. 2-61. At the 
left, a sliding shorting disk is used to reduce the 
effective length of the line by altering the position 


Fig. 2-61 —Methods of tuning coaxial resonant lines. 


of the short-circuit. In the center, the same effect 
is accomplished by using a telescoping tube in 
the end of the inner conductor to vary its length 
and thereby the effective length of the line. At 
the right, two possible methods of using parallel- 
plate capacitors are illustrated. The arrange- 
ment with the loading eapacitor at the open 
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end of the line has the greatest tuning effect 
per unit of capacitance; the alternative method, 
which is equivalent to tapping the capacitor 
down on the line, has less effect on the Q of the 
circuit. Lines with capacitive “loading” of the 
sort illustrated will be shorter, physically, than 
unloaded lines resonant at the same frequency. 

Two methods of tuning parallel-conductor 
lines are shown in Fig. 2-62. The sliding short- 


Fig. 2-62—Methods of tuning parallel-type resonant lines. 


circuiting strap can be tightened by means of 
screws and nuts to make good electrical con- 
tact. The parallel-plate capacitor in the second 
drawing may be placed anywhere along the 
line, the tuning effect becoming less as the 
capacitor is located nearer the shorted end 
of the line. Although a low-capacitance varia- 
ble capacitor of ordinary construction can be 
used, the circular-plate type shown is symmet- 
rical and thus does not unbalance the line. It 
also has the further advantage that no insulat- 
ing material is required. 


@ WAVEGUIDES 


A waveguide is a conducting tube through 
which energy is transmitted in the form of elec- 
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Fig. 2-63—Field distribution in a rectangular waveguide. 
The TEi,o mede of propagation is depicted 
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tromagnetic waves. The tube is not considered 
as carrying a current in the same sense that the 
wires of a two-conductor line do, but rather as 
a boundary which confines the waves to the 
enclosed space. Skin effect prevents any elec- 
tromagnetic effects from being evident outside 
the guide. The energy is injected at one end, 
either through capacitive or inductive coupling 
or by radiation, and is recetved at the other 
end: The waveguide then merely confines the 
energy of the fields, which are propagated 
through it to the receiving end by means of 
reflections against its inner walls. 

Analysis of waveguide operation is based on 
the assumption that the guide material is a 
perfect conductor of electricity. Typical dis- 
tributions of electric and magnetic fields in a 
rectangular guide are shown in Fig. 2-63. It will 
be observed that the intensity of the electric 
field is greatest (as indicated by closer spacing 
of the lines of force) at the center along the z 
dimension, Fig. 2-63(B), diminishing to zero at 
the end walls. The latter is a necessary condition, 
since the existence of any electric field parallel 
to the walls at the surface would cause an infinite 
current to flow in a perfect conductor. This repre- 
sents an impossible situation. 


Modes of Propagation 


Fig. 2-63 represents a relatively simple dis- 
tribution of the electric and magnetic fields. 
There is in general an infinite number of ways 
in which the fields can arrange themselves in a 
guide so long as there is no upper limit to the 
frequency to be transmitted. Each field config- 
uration is called a mode. All modes may be 
separated: into two general groups. One group, 
designated 7’M (transverse magnetic), has the 
magnetic field entirely transverse to the direc- 
tion of propagation, but has a component of 
electric field in that direction. The other type, 
designated 7’# (transverse electric) has the elec- 
tric field entirely transverse, but has a com- 
ponent of magnetic field in the direction of 
propagation. 7M waves are sometimes called 
E waves, and TE waves are sometimes called 
H waves, but the 7M and TE designations are 
preferred. 

The particular mode of transmission is 
identified by the group letters followed by two 
subscript numerals; for example, T£j,0, 
TM,,1, etc. The number of possible modes in- 
creases with frequency for a given size of guide. 
There is only one possible mode (called the 
dominant mode) for the lowest frequency that 
can be transmitted. The dominant mode is the 
one generally used in practical work. 


Waveguide Dimensions 


In the rectangular guide the critical dimen- 
sion is x in Fig. 2-63; this dimension must be 
more than one-half wavelength at the lowest 
frequency to be transmitted. In practice, the y 
dimension usually is made about equal to 4x 
to avoid the possibility of operation at other 
than the dominant mode. 


Waveguides 


Other cross-sectional shapes than the rec- 
tangle can be used, the most important being 
the circular pipe. Much the same considera- 
tions apply as in the rectangular case. 

Wavelength formulas for rectangular and 
circular guides are given in the following table, 
where z is the width of a rectangular guide and 
r is the radius of a circular guide. All figures 
are in terms of the dominant mode. 


Rectangular Circular 

Cut-off wavelength... .... PAS 3.417 
Longest wavelength trans- 

mitted with little atten- 

UL ULOIMCre Om Whe. eteesu ee 1.62 3.27 
Shortest wavelength before 

next. mode becomes pos- 

SHIGe he See eg oee 1.12 2.8r 


Cavity Resonators 


Another kind of circuit particularly applicable 
at wavelengths of the order of centimeters is the 
cavity resonator, which may be looked upon 
as a section of a waveguide with the dimensions 
chosen so that waves of a given length can be 
maintained inside. 

Typical shapes used for resonators are the 
cylinder, the rectangular box and the sphere, 
as shown in Fig. 2-64. The resonant frequency 
depends upon the dimensions of the cavity and 


the mode of oscillation of the waves (compar- 
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Fig. 2-64—Forms of cavity resonators. 


able to the transmission modes in a waveguide). 
For the lowest modes the resonant wavelengths 
are as follows: 


Givin Cer siemata rates entcd oreues iereuatanareetelpueteacts 2.61r 
Sroieeah gee) aod. etl rn mie thaces Ol ace MOS Le one 1.411 
SMEG reser eustatennchlefessanue «carn lie.e 2.28r 


The resonant wavelengths of the cylinder 
and square box are independent of the height 
when the height is less than a half wavelength. 
In other modes of oscillation the height must 
be a multiple of a half wavelength as measured 
inside the cavity. A cylindrical cavity can be 
tuned by a sliding shorting disk when operating 
in such a mode. Other tuning methods include 
placing adjustable tuning paddles or “‘slugs”’ 
inside the cavity so that the standing-wave 


pattern of the electric and magnetic fields can 
be varied. ; 

A form of cavity resonator in practical use is 
the re-entrant cylindrical type shown in I'ig. 
2-65. In construction it resembles a concentric 
line closed at both ends with capacitive loading 
at the top, but the actual mode of oscillation may 
differ considerably from that occurring in 


ay 


a 
F 
Cee CROSS-SECTIONAL VIEW 


Fig. 2-65—Re-entrant cylindrical cavity resonator. 


coaxial lines. The resonant frequency of such a 
cavity depends upon the diameters of the two 
cylinders and the distance d between the ends 
of the inner and outer cylinders. 

Compared with ordinary resonant circuits, 
cavity resonators have extremely high Q. A value 
of Q of the order of 1000 or more is readily ob- 
tainable, and Q values of several thousand can 
be secured with good design and construction. 


Coupling to Waveguides and Cavity 
Resonators 


Energy may be introduced into or ab- 
stracted from a waveguide or resonator by 
means of either the electric or magnetic field. 
The energy transfer frequently is through a 
coaxial line, two methods for coupling to which 
are shown in Fig. 2-66. The probe shown at A 
is simply a short extension of the inner con- 
ductor of the coaxial line, so oriented that it 
is parallel to the electric lines of force. The 
loop shown at B is arranged so that it encloses 
some of the magnetic lines of force. The point 
at which maximum coupling will be secured 
depends upon the particular mode of propa- 
gation in the guide or cavity; the coupling 
will be maximum when the coupling device 
is in the most intense field. 


ge 
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Fig. 2-66—Coupling to waveguides and resonators. 


Coupling can be varied by turning either the 


probe or loop through a 90-degree angle. 


When the probe is perpendicular to the elec- 
tric lines the coupling will be minimum; simi- 
larly, when the plane of the loop is parallel 
to the magnetic lines the coupling will have 
its least possible value. 
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2—ELECTRICAL LAWS AND CIRCUITS 
Modulation, Heterodyning and Beats 


Since one of the most widespread uses of radio 
frequencies is the transmission of speech and 
music, it would be very convenient if the audio 
spectrum to be transmitted could simply -be 
shifted up to some radio frequency, transmitted 
as radio waves, and shifted back down to audio 
at the receiving point. Suppose the audio signal 
to be transmitted by radio is a pure 1000-cycle 
tone, and we wish to transmit it at 1 Me. (1,- 
000,000 cycles. per second). One possible way 
might be to add 1.000 Me. and 1 ke. together, 
thereby obtaining a radio frequency of 1.001 
Mec. No simple method for doing this directly 
has been devised, although the effect is obtained 
and used in “‘single-sideband transmission.” 

When two different frequencies are present 
simultaneously in an ordinary circuit (specifi- 
cally, one in which Ohm’s Law holds) each be- 
haves as though the other were not there. The 
total or resultant voltage (or current) in the 
circuit will be the sum of the instantaneous values 
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Fig. 2-67—Amplitude-vs.-time and amplitude-vs.-fre- 
quency plots of various signals. (A) 12 cycles of an audio 
signal, assumed to be 1000 c.p.s. in this example. (B) A 
radio-frequency signal, assumed to be 1 Mc.; 1500 cycles 
are completed during the same time as the 12 cycles in 
A, so they cannot be shown accurately. (C) The signals of 
A and B in the same circuit; each maintains its own identity. 
(D) The signals of A and B in a circuit where the amplitude 
of A can control the amplitude of B. The 1-Mc. signal is 
modulated by the 1000-cycle signal. 

E. F, G and H show the spectrums for the signals in A, 
B, C and D, respectively. Note the new frequencies in H, 
resulting from the modulation process. 
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of the two ‘at every instant. This is because 
there can be only one value of current or voltage 
at any single point in a circuit at any instant. 
Figs. 2-67A and B show two such frequencies, 
and C shows the resultant. The amplitude of the 
1-Me. current is not affected by the presence of 
the 1-ke. current, but the axis is shifted back and 
forth at the 1-ke. rate. An attempt to transmit 
such a combination as a radio wave would result 
in only the radiation of the 1-Mc. frequency, 
since the 1-ke. frequency retains its identity as an 
audio frequency and will not radiate. 

There are devices, however, which make it 
possible for one frequency to control the ampli- 
tude of the other. Ii, for example, a 1-ke. tone is 
used to control a 1-Me. signal, the maximum r.f. 
output will be obtained when the 1-kce. signal is 
at the peak of one alternation and the minimum 
will occur at the peak o the next alternation. 
The process is called amplitude modulation, and 
the effect is shown in Fig. 2-67D. The resultant 
signal is now entirely at radio frequency, but 
with its amplitude varying at the modulation 
rate (1 ke.). Receiving equipment adjusted to 
receive the 1-Mce. r.f. signal can reproduce these 
changes in amplitude, and reveal what the audio 
signal is, through a process called detection. 

It might be assumed that the only radio 
frequency present in such a signal is the original 
1.000 Me., but such is not the case. Two new 
frequencies have appeared. These are the sum 
(1.000 + .001) and difference (1.000 — .001) of 
the two, and thus the radio frequencies appearing 
after modulation are 1.001, 1.000 and .999 Me. 

When an audio frequency is used to control 
the amplitude of a radio frequency, the process 
is generally called “amplitude modulation,” as 
mentioned, but when a radio frequency modu- 
lates another radio frequency it is called hetero- 
dyning. The processes are identical. A general 
term for the sum and difference frequencies 
generated during heterodyning or amplitude 
modulation is ‘‘beat frequencies,” and a more 
specific one is upper side frequency, for the sum, 
and lower side frequency for the difference. 

In the simple example, the modulating signal 
was assumed to be a pure tone, but the modu- 
lating signal can just as well be a band of fre- 
quencies making up speech or music. In this 
case, the side frequencies are grouped into the 
upper sideband and the lower sideband. 

In A, B, C and D of Fig. 2-67, amplitude is 
plotted against time. For better understanding 
it is often more helpful to visualize the spectrum, 
a plot of amplitude vs. frequency, as illustrated 
by E, F, G and H. Any one frequency is repre- 
sented by a vertical line. 

Amplitude modulation (a.m.) is not the only 
possible type nor is it the only one in use. Such 
signal properties as phase and frequency can 
also be modulated. In every case the modulation 
process leads to the generation of a new set (or 
sets) of radio frequencies symmetrically disposed 
about the original radio (carrier) frequency. 


CHAPTER 3 


Vacuum-Tube Principles 


@ CURRENT IN A VACUUM 


The outstanding difference between the 
vacuum tube and most other electrical devices 
is that the electric current does not flow through 
a conductor but through empty space —a 
vacuum. This is only possible when “free” 
electrons — that is, electrons that are not at- 
tached to atoms—are somehow introduced 
into the vacuum. Free electrons in an evac- 
uated space will be attracted to a positively 
charged object within the same space, or will 
be repelled by a negatively charged object. 
The movement of the electrons under the at- 
traction or repulsion of such charged objects 
constitutes the current in the vacuum. 

The most practical way to introduce a sufh- 
ciently large number of electrons into the 
evacuated space is by thermionic emission. 


Thermionic Emission 


If a thin wire or filament is heated to in- 
candescence in a vacuum, electrons near the 
surface are given enough energy of motion to 
fly off into the surrounding space. The higher 
the temperature, the greater the number of 
electrons emitted. A more general name for the 
filament is cathode. . 

If the cathode is the only thing in the vacuum, 
most of the emitted electrons stay in its imme- 
diate vicinity, forming a “cloud’’ about the 
cathode. The reason for this is that the elec- 
trons in the space, being negative electricity, 
form a negative charge (space charge) in the 
region of the cathode. The space charge repels 


Representative tube types. Transmitting tubes having up 

to 500-watt capability are shown in the back row. The 

tube with the top cap in the middle row is a low-power 

transmitting type. Others are receiving tubes, with the 

exception of the one in the center foreground which is a 
v.h.f. transmitting type. 


those electrons nearest the cathode, tending to 
make them fall back on it. 

Now suppose a second conductor is intro- 
duced into the vacuum, but not connected to 
anything else inside the tube. If this second 
conductor is given a positive charge by con- 
necting a source of e.m.f. between it and the 


POSITIVE 
PLATE 


Fig. 3-1 —Conduction by thermionic emission in a vacuum 

tube. The A battery is used to heat the filament to a tem- 

perature that will cause it fo emit electrons. The B 

battery makes the plate positive with respect to the fila- 

ment, thereby causing the emitted electrons to be attracted 

to the plate. Electrons captured by the plate flow back 
through the B battery to the filament. 


cathode, as indicated in Fig. 3-1, electrons emitted 
by the cathode are attracted to the positively 
charged conductor. An electric current then 
flows through the circuit formed by the cathode, 
the charged conductor, and the source of e.m.f. 
In Fig. 3-1 this e.m.f. is supplied by a battery 
(“B” battery); a second battery (“A” battery) 
is also indicated for heating the cathode or 
filament to the proper operating temperature. 

The positively charged conductor is usually 
a metal plate or cylinder (surrounding the 
cathode) and is called an anode or plate. Like 
the other working parts of a tube, it is a tube 
element or electrode. The tube shown in Fig. 
3-1 is a two-element or two-electrode tube, 
one element being the cathode or filament and 
the other the anode or plate. 

Since electrons are negative electricity, they 
will be attracted to the plate only when the 
plate is positive with respect to the cathode. 
If the plate is given a negative charge, the 
electrons will be repelled back to the cathode 
and no current will flow. The vacuum tube 
therefore can conduct only in one direction. 


Cathodes 


Before electron emission can occur, the 
cathode must be heated to a high temperature. 
However, it is not essential that the heating cur- 
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3—VACUUM-TUBE PRINCIPLES 


(A) (B) (C) (D) 


Fig. 3-2—Types of cathode construction. Directly heated cathodes 
or filaments are shown at A, B, and C. The inverted V filament is 


almost all the electrons are going to the 
plate. At higher voltages the plate current 
stays at practically the same value. 
The plate voltage multiplied by the 
plate current is the power input to the tube. 
In a circuit like that of Fig. 3-3 this power 
is all used in heating the plate. If the power 
input is large, the plate temperature may 
rise to a very high value (the plate may 
become red or even white hot). The heat 
(—) developed in the plate is radiated to the 
bulb of the tube, and in turn radiated by 
the bulb to the surrounding air. 


used in small receiving tubes, the M in both receiving and trans- 
mitting tubes. The spiral filament is a transmitting-tube type. The 


indirectly-heated cathodes at D and E show two types of heater 


@ RECTIFICATION 


construction, one a twisted loop and the other bunched heater 


wires. Both types tend to cancel the magnetic fields set up by the 


current through the heater. 


rent flow through the actual material that does 
the emitting; the filament or heater can be 
electrically separate from the emitting cathode. 
Such a cathode is called indirectly heated, while 
an emitting filament is called directly heated. 
lig. 3-2 shows both types in the forms in which 
they are commonly used. 

Much greater electron emission can be ob- 
tained, at relatively low temperatures, by using 
special cathode materials rather than pure metals. 
One of these is thoriated tungsten, or tungsten 
in which thorium is dissolved. Still greater 
efficiency is achieved in the oxide-coated cath- 
ode, a cathode in which rare-earth oxides 
form a coating over a metal base. 

Although the oxide-coated cathode has much 
the highest efficiency, it can be used successfully 
only in tubes that operate at rather low plate 
voltages. Its use is therefore confined to receiv- 
ing-type tubes and to the smaller varieties of 
transmitting tubes. The thoriated filament, on 
the other hand, will operate well in high-voltage 
tubes. 

Plate Current 


If there is only a small positive voltage on the 
plate, the number of electrons reaching it will 
be small because the space charge (which is 
negative) prevents those electrons nearest the 
cathode from being attracted to the plate. As 
the plate voltage is increased, the effect of the 
space charge is increasingly overcome and the 
number of electrons attracted to the plate be- 
comes larger. That is, the plate current increases 
with increasing plate voltage. 

Fig. 3-3 shows a typical plot of plate 
current vs. plate voltage for a two-ele- 
ment tube or diode. A curve of this type 
can be obtained with the circuit shown, 
if the plate voltage is increased in small 
steps and a current reading taken (by 
means of the current-indicating instru- 
ment —a milliammeter) at each volt- 
age. The plate current is zero with no 
plate voltage and the curve rises until a 
saturation point is reached. This is where 
the positive charge on the plate has sub- 
stantially overcome the space charge and 


60 


Since current can flow through a tube in 
only one direction, a diode can be used to 
change alternating current into direct current. It 
does this by permitting current to flow when the 
plate is positive with respect to the cathode, 
but by shutting off current flow when the plate 
is negative. 

Fig. 3-4 shows a representative circuit. Al- 
ternating voltage from the secondary of the 
transformer, 7’, is applied to the diode tube in 
series with a load resistor, hk. The voltage 
varies as is usual with a.c., but current flows 
through the tube and F& only when the plate 
is positive with respect to the cathode — that 
is, during the half-cycle when the upper end of 
the transformer winding is positive. During the 
negative half-cycle there is simply a gap in the 
current flow. This rectified alternating current 
therefore is an intermittent direct current. 

The load resistor, R, represents the actual 
circuit in which the rectified alternating current 
does work. All tubes work with a load of one 
type or another; in this respect a tube is much 
like a generator or transformer. A circuit that 
did not provide a load for the tube would be 
like a short-circuit across a transformer; no 
useful purpose would be accomplished: and the 
only result would be the generation of heat 
in the transformer. So it is with vacuum tubes; 
they must cause power to be developed in a load 
in order to serve a useful purpose. Also, to be effi- 
cient most of the power must do useful work in the 
load and not be used in heating the plate of the 
tube. This means that most of the voltage should 
appear as a drop across the load rather than as a 
drop between the plate and cathode. 
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Fig. 3-3—The diode, or two-element tube, and a typical curve 
showing how the plate current depends upon the voltage applied 


to the plate. 


Vacuum-Tube Amplifiers 


With the diode connected 
as shown in Fig. 3-4, the T 
polarity of the voltage drop 
across the load is such that A.C. 
the end of the load nearest the 
cathode is positive. If the 
connections to the diode ele- 
ments are reversed, the direc- 
tion of rectified current flow 
also will be reversed through 
the load. 


Voltage 


Diode 


Fig. 3-4—Rectification in a diode. 
Current flows only when the plate is 
positive with respect to the cathode, 
so that only half-cycles of current 
flow through the load resistor, R. + 


Current 


Vacuum-Tube Amplifiers 


@ TRIODES 
. Grid Control 


If a third element — called the control grid, 
or simply grid —is inserted between the cath- 
ode and plate as in Fig. 3-5, it can be used to 
control the effect of the space charge. If the 
grid is given a positive voltage with respect to 
the cathode, the positive charge will tend to 
neutralize the negative space charge. The 


Fig. 3-5—Construction of 
an elementary triode vac- 
uum tube, showing the fil- 
ament, grid (with an end 
view of the grid wires) and 
plate. The relative density 
of the space charge is in- 
dicated roughly by the dot 
density. 


result is that, at any selected plate voltage, 
more electrons will flow to the plate than if the 
grid were not present. On the other hand, if 
the grid is made negative with respect to the 
cathode the negative charge on the grid will 
add to the space charge. This will reduce the 
number of electrons that can reach the plate 
at any selected plate voltage. 

The grid is inserted in the tube to control 
the space charge and not to attract 
electrons to itself, so it is made in the 
form of a wire mesh or spiral. Elec- 
trons then can go through the open 
spaces in the grid to reach the plate. 


Characteristic Curves 


For any particular tube, the effect 
of the grid voltage on the plate cur-_ 
rent can be shown by a set of char- — 
acteristic curves. A typical set of 
curves is shown in Fig. 3-6, together 
with the circuit that is used for get- 
ting them. For each value of plate 
voltage, there is a value of negative 
grid voltage that will reduce the 
plate current to zero; that is, there is _ 


a value of negative grid voltage that will cut off 
the plate current. 

The curves could be extended by making the 
grid voltage positive as well as negative. When 
the grid is negative, it repels electrons and there- 
fore none of them reaches it; in other words, no 
current flows in the grid circuit. However, when 
the grid is positive, it attracts electrons and a 
current (grid current) flows, just as current flows 
to the positive plate. Whenever there is grid 
current there is an accompanying power loss in 
the grid circuit, but so long as the grid is negative 
no power is used. 

It is obvious that the grid can act as a valve 
to control the flow of plate current. Actually, 
the grid has a much greater effect on plate 
current flow than does the plate voltage. A 
small change in grid voltage is just as effective 
in bringing about a given change in plate current 
as is a large change in plate voltage. 

The fact that a small voltage acting on the 
grid is equivalent to a large voltage acting on 
the plate indicates the possibility of amplifica- 
tion with the triode tube. The many uses of 
the electronic tube nearly all are based upon 
this amplifying feature. The amplified output 
is not obtained from the tube itself, but from the 
source of e.m.f. connected between its plate and 
cathode. The tube simply controls the power from 
this source, changing it to the desired form. 

To utilize the controlled power, a load must 
be connected in the plate or “output” circuit, 
just as in the diode case. The load may be 


Grid Voltage 


Fig. 3-6—Grid-voltage-vs.-plate-current curves at various fixed values 
of plate voltage (E,) for a typical small triode. Characteristic curves of 
this type can be taken by varying the battery voltages in the circuit 


at the right. 
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either a resistance or an impedance. The term 
‘Gmpedance” is frequently used even when 
the load is purely resistive. 


Tube Characteristics 


The physical construction of a triode deter- 
mines the relative effectiveness of the grid 
and plate in controlling the plate current. If a 
very small change in the grid voltage has just 
as much effect on the plate current as a very 
large change in plate voltage, the tube is said 
to have a high amplification factor. Amplifica- 
tion factor is commonly designated by the 
Greek letter uw. An amplification factor of 20, 
for example, means that if the grid voltage is 
changed by 1 volt, the effect on the plate cur- 
rent will be the same as when the plate voltage 
is changed by 20 volts. The amplification factors 
of triode tubes range from 3 to 100 or so. A high-z 
tube is one with an amplification factor of per- 
haps 30 or more; medium-y tubes have ampli- 
fication factors in the approximate range 8 to 30, 
and low-u tubes in the range below 7 or 8. 

It would be natural to think that a tube 
that has a large » would be the best amplifier, 
but to obtain a high yw it is necessary to construct 
the grid with many turns of wire per inch, or in 
the form of a fine mesh. This leaves a relatively 
small open area for electrons to go through to 
reach the plate, so it is difficult for the plate to 
attract large numbers of electrons. Quite a large 
change in the plate voltage must be made to 
effect a given change in plate current. This 
means that the resistance of the plate-cathode 
path — that is, the plate resistance — of the 
tube is high. Since this resistance acts in series 
with the load, the amount of current that can 
be made to flow through the load is relatively 
small. On the other hand, the plate resistance 
of a low-yz tube is relatively low. 

The best all-around indication of the effective- 
ness of the tube as an amplifier is its grid-plate 
transconductance — also called mutual conduct- 
ance. This characteristic takes account of both 
amplification factor and plate resistance, and 
therefore is a figure of merit for the tube. Trans- 
conductance is the change in plate current divided 
by the change in grid voltage that causes the plate- 
current change (the plate voltage being fixed at 
a desired value). Since current divided by voltage 
is conductance, transconductance is measured in 
the unit of conductance, the mho. Practical 
values of transconductance are very small, so 
the micromho (one-millionth of a mho) is the 
commonly-used unit. Different types of tubes 
have transconductances ranging from a few 
hundred to several thousand. The higher the 
transconductance the greater the possible am- 
plification. 


@ AMPLIFICATION 


The way in which a tube amplifies is best 
shown by a type of graph called the dynamic 
characteristic. Such a graph, together with the 
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circuit used for obtaining it, is shown in Fig. 3-7. 
The curves are taken with the plate-supply 
voltage fixed at the desired operating value. The 
difference between this circuit and the one shown 
in Fig. 3-6 is that in Fig. 3-7 a load resistance is 
connected in series with the plate of the tube. 
Fig. 3-7 thus shows how the plate current will 
vary, with different grid voltages, when the plate 
current is made to flow through a load and thus 
do useful work. 


Plate Current, MA. 


BE 


7 


Grid Voltage 


Fig. 3-7—Dynamic characteristics of a small triode with 
various load resistances from 5000 to 100,000 ohms. 


The several curves in Fig. 3-7 are for various 
values of load resistance. When the resistance is 
small (as in the case of the 5000-ohm load) the 
plate current changes rather rapidly with a 
given change in grid voltage. If the load resistance 
is high (as in the 100,000-ohm curve), the change 
in plate current for the same grid-voltage change 
is relatively small; also, the curve tends to be 
straighter. 

Fig. 3-8 is the same type of curve, but with 
the circuit arranged so that a source of alternating 
voltage (signal) is inserted between the grid and 
the grid battery (“C” battery). The voltage of 
the grid battery is fixed at —5 volts, and from 
the curve it is seen that the plate current at this 
grid voltage is 2 milliamperes. This current flows 
when the load resistance is 50,000 ohms, as 
indicated in the circuit diagram. If there is no 
a.c. signal in the grid circuit, the voltage drop in 
the load resistor is 50,000 X 0.002 = 100 volts, 
leaving 200 volts between the plate and cathode. 

When a sine-wave signal having a peak value of 
2 volts is applied in series with the bias voltage 
in the grid circuit, the instantaneous voltage at 
the grid will swing to —3 volts at the instant the 
signal reaches its positive peak, and to —7 volts 
at the instant the signal reaches its negative 
peak. The maximum plate current will occur at 
the instant the grid voltage is —3 volts. As shown 
by the graph, it will have a value of 2.65 milli- 
amperes. The minimum plate current occurs at, 
the instant the grid voltage is —7 volts, and has 
a value of 1.35 ma. At intermediate values of 
grid voltage, intermediate plate-current values 
will occur. 

The instantaneous voltage between the plate 
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Fig. 3-8—Amplifier operation. When the plate current 
varies in response to the signal applied to the grid, a 
varying voltage drop appears across the load, Rp, as 
shown by the dashed curve, Ep. Ip is the plate current. 


and cathode of the tube also is shown on the 
graph. When the plate current is maximum, 
the instantaneous voltage drop in Ry, is 50,000 
X 0.00265 = 132.5 volts; when the plate cur- 
rent is minimum the instantaneous voltage 
drop in R, is 50,000 X 0.00135 = 67.5 volts. 
The actual voltage between plate and cathode 
is the difference between the plate-supply po- 
tential, 800 volts, and the voltage drop in the 
load resistance. The plate-to-cathode voltage 
is therefore 167.5 volts at maximum plate current 
and 232.5 volts at minimum plate current. 

This varying plate voltage is an a.c. voltage 
superimposed on the steady plate-cathode poten- 
tial of 200 volts (as previously determined for 
no-signal conditions). The peak value of this a.e. 
output voltage is the difference between either 
the maximum or minimum plate-cathode voltage 
and the no-signal value of 200 volts. In the illus- 
tration this difference is 232.5 — 200 or 200 — 
167.5; that is, 32.5 volts in either case. Since the 
grid signal voltage has a peak value of 2 volts, the 
voltage-amplification ratio of the amplifier is 
32.5/2 or 16.25. That is, approximately 16 times 
as much voltage is obtained from the plate circuit 
as is applied to the grid circuit. 

As shown by the drawings in Tig. 3-8, the 
alternating component of the plate voltage 
swings in the negative direction (with reference to 
the no-signal value of plate-cathode voltage) 
when the grid voltage swings in the positive 
direction, and vice versa. This means that the 
alternating component of plate voltage (that is, 
the amplified signal) is 180 degrees out of phase 
with the signal voltage on the grid. 


Bias 

The fixed negative grid voltage (called grid 
bias) in Fig. 3-8 serves a very useful purpose. 
One object of the type of amplification shown in 
this drawing is to obtain, from the plate circuit, 
an alternating voltage that has the same wave- 
shape as the signal voltage applied to the grid. 
To do so, an operating point on the straight part 
of the curve must be selected. The curve must be 
straight in both directions from the operating 
point at least far enough to accommodate the 
maximum value of the signal applied to the grid. 
If the grid signal swings the plate current back 
and forth over a part of the curve that is not 
straight, as in Fig. 3-9, the shape of the a.c. 
wave in the plate circuit will not be the same as 
the shape of the grid-signal wave. In such a case 
the output wave shape will be distorted. 

A second reason for using negative grid bias is 
that any signal whose peak positive voltage does 
not exceed the fixed negative voltage on the grid 
cannot cause grid current to flow. With no cur- 
rent flow there is no power consumption, so the 
tube will amplify without taking any power from 
the signal source. (However, if the positive peak 
of the signal does exceed the negative bias, cur- 
rent will flow in the grid circuit during the time 
the grid is positive.) 

Distortion of the output wave shape that 
results from working over a part of the curve that 
is not straight (that is, a nonlinear part of the 
curve) has the effect of transforming a sine-wave 
grid signal into a more complex waveform. As 
explained in an earlier chapter, a complex wave 
can be resolved into a fundamental and a series 
of harmonics. In other words, distortion from 
nonlinearity causes the generation of harmonic 
frequencies — frequencies that are not present 
in the signal applied to the grid. Harmonic dis- 
tortion is undesirable in most amplifiers, although 


Plate Current-MA, 


Signal Voltage 


Fig. 3-9—Harmonic distortion resulting from choice of an 

operating point on the curved part of the tube character- 

istic. The lower half-cycle of plate current does not have 
the same shape as the upper half-cycle. 
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there are occasions when harmonics are deliber- 
ately generated and used. 


Amplifier Output Circuits 


The useful output of a vacuum-tube amplifier 
is the alternating component of plate current or 
plate voltage. The d.c. voltage on the plate of the 
tube is essential for the tube’s operation, but it 
almost invariably would cause difficulties if it 
were applied, along with the a.c. output voltage, 
to the load. The output circuits of vacuum tubes 
are therefore arranged so that the a.c. is trans- 
ferred to the load but the d.c. is not. 

Three types of coupling are in common use at 
audio frequencies. These are resistance coupling, 
impedance coupling, and transformer coupling. 
They are shown in Fig. 3-10. In all three cases 
the output is shown coupled to the grid circuit of 
a subsequent amplifier tube, but the same types 
of circuits can be used to couple to other devices 
than tubes. 

In the resistance-coupled circuit, the a.c. volt- 
age developed across the plate resistor Ry (that is, 
the a.c. voltage between the plate and cathode of 
the tube) is applied to a second resistor, fg, 
through a coupling capacitor, C,.. The capacitor 
“blocks off” the d.c. voltage on the plate of the 
first tube and prevents it from being applied to 
the grid of tube B. The latter tube has negative 
grid bias supplied by the battery shown. No cur- 
rent flows in the grid circuit of tube B and there 
is therefore no d.c. voltage drop in Fg; in other 
words, the full voltage of the bias battery is 
applied to the grid of tube B. 

The grid resistor, R,, usually has a rather high 
value (0.5 to 2 megohms). The reactance of the 
coupling capacitor, C,, must be low enough 
compared with the resistance of R¢z so that the 
a.c. voltage drop in C, is negligible at the lowest 
frequency to be amplified. If Rg, is at least 0.5 
megohm, a 0.1-uf. capacitor will be amply large 
for the usual range of audio frequencies. 

So far as the alternating component of plate 
voltage is concerned, it will be realized that if the 
voltage drop in C, is negligible then R, and R,z 
are effectively in parallel (although they are 
quite separate so far as d.c. is concerned). The 
resultant parallel resistance of the two is there- 
fore the actual load resistance for the tube. That 
is why #, is made as high in resistance as possi- 
ble; then it will have the least effect on the load 
represented by Rp. 

The impedance-coupled circuit differs from 
that using resistance coupling only in the sub- 
stitution of a high-inductance coil (usually sev- 
eral hundred henrys for audio frequencies) for the 
plate resistor. The advantage of using an in- 
ductance rather than a resistor is that its im- 
pedance is high for alternating currents, but its 
resistance is relatively low for d.c. It thus permits 
obtaining a high value of load impedance for a.c. 
without an excessive d.c. voltage drop that 
would use up a good deal of the voltage from the 
plate supply. 

The transformer-coupled amplifier uses a trans- 
former with its primary connected in the plate 
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IMPEDANCE COUPLING 


TRANSFORMER COUPLING 


Fig. 3-10—Three basic forms of coupling between 
vacuum-tube amplifiers. 


circuit of the tube and its secondary connected 
to the load (in the circuit shown, a following 
amplifier). There is no direct connection between 
the two windings, so the plate voltage on tube A 
is isolated from the grid of tube B. The trans- 
former-coupled amplifier has the same advantage 
as the impedance-coupled ¢ircuit with respect to 
loss of d.c. voltage from the plate supply. Also, 
if the secondary has more turns than the primary, 
the output voltage will be “stepped up” in pro- 
portion to the turns ratio. 

Resistance coupling is simple, inexpensive, and 
will give the same amount of amplification — or 
voltage gain — over a wide range of frequencies; 
it will give substantially the same amplification 
at any frequency in the audio range, for example. 
Impedance ,.coupling will give somewhat more 
gain, with the same tube and same plate-supply 
voltage, than resistance coupling. However, it is 
not quite so good over a wide frequency range; 
it tends to “peak,” or give maximum gain, over 
a comparatively narrow band of frequencies. 
With a good transformer the gain of a trans- 
former-coupled amplifier can be kept fairly 
constant over the audio-frequency range. On the 


Power Amplifiers 


other hand, transformer coupling in voltage 
amplifiers (see below) is best suited to triodes 
having amplification factors of about 20 or less, 
for the reason that the primary inductance of a 
practicable transformer cannot be made large 
enough to work well with a tube having high 
plate resistance. 


Class A Amplifiers 


An amplifier in which voltage gain is the pri- 
mary consideration is called a voltage amplifier. 
Maximum voltage gain is secured when the load 
resistance or impedance is made as high as pos- 
sible in comparison with the plate resistance of 
the tube. In such a case, the major portion of the 
voltage generated will appear across the load. 

Voltage amplifiers belong to a group called 
Class A amplifiers. A Class A amplifier is one 
operated so that the wave shape of the output 
voltage is the same as that of the signal voltage 
applied to the grid. If a Class A amplifier is 
biased so that the grid is always negative, even 
with the largest signal to be handled by the grid, 
it is called a Class A; amplifier. Voltage ampli- 
fiers are always Class A, amplifiers, and their 
primary use is in driving a following Class Aj 
amplifier. 


Power Amplifiers 


The end result of any amplification is that the 
amplified signal does some work. For example, an 
audio-frequency amplifier usually drives a loud- 
speaker that in turn produces sound waves. The 
greater the amount of a.f. power supplied to the 
speaker, the louder the sound it will produce. 


Output 
Transformer 


Fig. 3-11—An elementary power-amplifier circuit in which 
the power-consuming load is coupled to the plate circuit 
through an impedance-matching transformer. 


Signal 


2 


Fig. 3-11 shows an elementary power-amplifier 
circuit. It is simply a transformer-coupled ampli- 
fier with the load connected to the secondary. 
Although the load is shown as a resistor, it 
actually would be some device, such as a loud- 
speaker, that employs the power usefully. Every 
power tube requires a specific value of load 
resistance from plate to cathode, usually some 
thousands of ohms, for optimum operation. The 
resistance of the actual load is rarely the right 
value for “matching” this optimum load re- 
sistance, so the transformer turns ratio is chosen 
to reflect the proper value of resistance into the 
primary. The turns ratio may be either step-up 
or step-down, depending on whether the actual 
load resistance is higher or lower than the load 
the tube wants. 


The power-amplification ratio of an ampli- 
fier is the ratio of the power output obtained 
from the plate circuit to the power required 
from the a.c. signal in the grid circuit. There is 


no power lost in the grid circuit of a Class Ay 


amplifier, so such an amplifier has an infinitely 


darge power-amplification ratio. However, it is 


quite possible to operate a Class A amplifier 
in such a way that current flows in its grid 
circuit during at least part of the cycle. In such 
a case power is used up in the grid circuit and 
the power amplification ratio is net infinite. 
A tube operated in this fashion is known as a 
Class Ay amplifier. It is necessary to use a power 
amplifier to drive a Class A» amplifier, because a 
voltage amplifier cannot deliver power without 
serious distortion of the wave shape. 

Another term used in connection with power 
amplifiers is power sensitivity. In the case of a 
Class A; amplifier, it means the ratio of power 
output to the grid signal voltage that causes it. 
If grid current flows, the term usually means 
the ratio of plate power output to grid power 
input. 

The a.c. power that is delivered to a load by 
an amplifier tube has to be paid for in power 
taken from the source of plate voltage and 
current. In fact, there is always more power 
going into the plate circuit of the tube than is 
coming out as useful output. The difference 
between the input and output power is used up 
in heating the plate of the tube, as explained 
previously. The ratio of useful power output 
to d.c. plate input is called the plate efficiency. 
The higher the plate efficiency, the greater the 
amount of power that can be taken from a tube 
having a given plate-dissipation rating. 


Parallel and Push-Pull 


When it is necessary to obtain more power 
vutput than one tube is capable of giving, two 
or more similar tubes may be connected in 
parallel. In this case the similar elements in all 
tubes are connected together. This method is 
shown in Fig. 3-12 for a transformer-coupled 
amplifier. The power output is in proportion 
to the number of tubes used; the grid signal 
or exciting voltage required, however, is the 
same as for one tube. 

If the amplifier operates in such a way as to 
consume power in the grid circuit, the grid power 
required is in proportion to the number of tubes 
used. 

An increase in power output also can be 
secured by connecting two tubes in push-pull. 
In this case the grids and plates of the two 
tubes are connected to opposite ends of a balanced 
circuit as shown in Fig. 3-12. At any instant the 
ends of the secondary winding of the input 
transformer, 7, will be at opposite polarity 
with respect to the cathode connection, so the 
grid of one tube is swung positive at the same 
instant that the grid of the other is swung 
negative. Hence, in any push-pull-connected 
amplifier the voltages and currents of one tube 
are out of phase with those of the other tube. 
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ce 


PARALLEL 


PUSH- PULL 


Fig. 3-12—Parallel and push-pull a.f. amplifier circuits. 


In push-pull operation the even-harmonic 
(second, fourth, ete.) distortion is balanced *out 
in the plate circuit. This means that for the 
same power output the distortion will be less 
than with parallel operation. 

The exciting voltage measured between the 
two grids must be twice that required for one 
tube. If the grids consume power, the driving 
power for the push-pull amplifier is twice that 
taken by either tube alone. 


Cascade Amplifiers 


It is readily possible to take the output of one 
amplifier and apply it as a signal on the grid of 
a second amplifier, then take the second ampli- 
fier’s output and apply it to a third, and so on. 
Mach amplifier is called a stage, and stages used 
successively are said to be in cascade. 


Class B Amplifiers 


Tig, 3-13 shows two tubes connected in a 
push-pull circuit. If the grid bias is set at the 
point where (when no signal is applied) the 
plate current is just cut off, then a signal can 
cause plate current to flow in either tube only 
when the signal voltage applied to that particular 
tube is positive with respect to the cathode. Since 
in the balanced grid circuit the signal voltages on 
the grids of the two tubes always have opposite 
polarities, plate current flows only in one tube at 
a time. 

The graphs show the operation of such an 
amplifier. The plate current of tube B is drawn 
inverted to show that it flows in the opposite 
direction, through the primary of the output 
transformer, to the plate current of tube A. 
Thus each half of the output-transformer pri- 
mary works alternately to induce a half-cycle 
of voltage in the secondary. In the secondary 
of 7's, the original waveform is restored. This 
type of operation is called Class B amplification. 

The Class B amplifier has considerably higher 
plate efficiency than the Class A amplifier. Fur- 
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thermore, the d.c. plate current of a Class B am- 
plifier is proportional to the signal voltage on 
the grids, so the power input is small with small 
signals. The d.c. plate power input to a Class A 
amplifier is the same whether the signal is large, 
small, or absent altogether; therefore the maxi- 
mum d.c. plate input that can be applied to a 
Class A amplifier is equal to the rated plate dissi- 
pation of the tube or tubes. Two tubes in a Class 
B amplifier can deliver approximately twelve 
times as much audio power as the same two tubes 
in a Class A amplifier. 

A Class B amplifier usually is operated in 
such a way as to secure the maximum possible 
power output. This requires rather large values 
of plate current, and to obtain them the signal 
voltage must completely overcome the grid bias 
during at least part of the cycle, so grid cur- 
rent flows and the grid circuit consumes power. 
While the power requirements are fairly low 
(as compared with the power output), the fact 
that the grids are positive during only part’ of 
the cycle means that the load on the preceding 
amplifier or driver stage varies in magnitude 
during the cycle; the effective load resistance is 
high when the grids are not drawing current and 
relatively low when they do take current. This 
must be allowed for when designing the driver. 

Certain types of tubes have been designed 
specifically for Class B service and can be 
operated without fixed or other form of grid 
bias (zero-bias tubes). The amplification factor 
is so high that the plate current is small without 
signal. Because there is no fixed bias, the grids 
start drawing current immediately whenever a 
signal is applied, so the grid-current flow is 
continuous throughout the cycle. This makes the 
load on the driver much more constant than is 
the case with tubes of lower u biased to plate- 
current cut-off. 

Class B amplifiers used at radio frequencies 
are known as linear amplifiers because they are 
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Fig. 3-13—Class B amplifier operation. 


Class B Amplifiers 


adjusted to operate in such a way that the power 
output is proportional to the square of the r.f. 
exciting voltage. This permits amplification of 
a modulated r.f. signal without distortion. Push- 
pull is not required in this type of operation; a 
single tube can be used equally well. 


Class AB Amplifiers 


A Class AB amplifier is a push-pull amplifier 
with higher bias than would be normal for pure 
Class A operation, but less than the cut-off 
bias required for Class B. At low signal levels 
the tubes operate practically as Class A am- 
plifiers, and the plate current is the same with or 
without signal. At higher signal levels, the plate 
current of one tube is cut off during part of the 
negative cycle of the signal applied to its grid, 
and the plate current of the other tube rises with 
the signal. The plate current for the whole 
amplifier also rises above the no-signal level 
when a large signal is applied. 

In a properly designed Class. AB amplifier 
the distortion is as low as with a Class A stage, 
but the efficiency and power output are con- 
siderably higher than with pure Class A opera- 
tion. A Class AB amplifier can be operated 
either with or without driving the grids into 
the positive region. A Class AB, amplifier is 
one in which the grids are never positive with 
respect to the cathode; therefore, no driving 
power is required — only voltage. A Class AB» 
amplifier is one that has grid-current flow during 
part of the cycle if the applied signal is large; 
it takes a small amount of driving power. The 
Class ABe amplifier will deliver somewhat more 
power (using the same tubes) but the Class AB, 
amplifier avoids the problem of designing a driver 
that will deliver power, without distortion, into 
a load of highly variable resistance. 


Operating Angle 


Inspection of Fig. 3-13 shows that either of 
the two tubes actually is working for only half 
the a.c. cycle and idling during the other half. 
It is convenient to describe the amount of time 
during which plate current flows in terms of 
electrical degrees. In Fig. 3-13 each tube has 
‘“180-degree” excitation, a half-cycle being equal 
to 180 degrees. The number of degrees during 
which plate current flows is called the operating 
angle of the amplifier. From the descriptions 
given above, it should be clear that a Class A 
amplifier has 360-degree excitation, because plate 
current flows during the whole cycle. In a Class 
AB amplifier the operating angle is between 180 
and 360 degrees (in each tube) depending on the 
particular operating conditions chosen. The 
greater the amount of negative grid bias, the 
smaller the operating angle becomes. 

An operating angle of less than 180 degrees 
leads to a considerable amount of distortion, 
because there is no way for the tube to reproduce 
even a half-cycle of the signal on its grid. Using 
two tubes in push-pull, as in Fig. 3-13, would 
merely put together two distorted half-cycles. 
An operating angle of less than 180 degrees 


therefore cannot be used if distortionless output 
is wanted. 


Class C Amplifiers 


In power amplifiers operating at radio fre- 
quencies distortion of the r.f. wave form is rela- 
tively unimportant. For reasons described later 
in this chapter, an r.f. amplifier must be operated 
with tuned circuits, and the selectivity of such 
circuits ‘filters out” the r.f. harmonics resulting 
from distortion. 

A radio-frequency power amplifier therefore 
can be used with an operating angle of less than 
180 degrees. This is called Class C operation. The 
advantage is that the plate efficiency is in- 
creased, because the loss in the plate is propor- 
tional, among other things, to the amount of 
time during which the plate current flows, and this 
time is reduced by decreasing the operating angle. 

Depending on the type of tube, the optimum 
load resistance for a Class C amplifier ranges 
from about 1500 to 5000 ohms. It is usually 
secured by using tuned-circuit arrangements, of 
the type described in the chapter on ‘circuit 
fundamentals, to transform the resistance of the 
actual load to the value required by the tube. 
The grid is driven well into the positive region, 
so that grid current flows and power is consumed 
in the grid circuit. The smaller the operating 
angle, the greater the driving voltage and the 
larger the grid driving power required to develop 
full output in the load resistance. The best com- 
promise between driving power, plate efficiency, 
and power output usually results when the 
minimum plate voltage (at the peak of the driv- 
ing cycle, when the plate current reaches its high- 
est value) is just equal to the peak positive grid 
voltage. Under these conditions the operating 
angle is usually between 150 and 180 degrees and 
the plate efficiency lies in the range of 70 to 80 
percent. While higher plate efficiencies are pos- 
sible, attaining them requires excessive driving 
power and grid bias, together with higher plate 
voltage than is “normal” for the particular tube 
type. 

With proper design and adjustment, a Class C 
amplifier can be made to operate in such a way 
that the power input and output are proportional 
to the square of the applied plate voltage. This is 
an important consideration when the amplifier is 
to be plate-modulated for radiotelephony, as 
described in the chapter on amplitude modula- 
tion. 


@ FEEDBACK 


It is possible to take a part of the amplified 
energy in the plate circuit of an amplifier and 
insert it into the grid circuit. When this is done 
the amplifier is said to have feedback. 

If the voltage that is inserted in the grid cir- 
cuit is 180 degrees out of phase with the signal 
voltage acting on the grid, the feedback is called 
negative, or degenerative. On the other hand, if 
the voltage is fed back in phase with the grid 
signal, the feedback is called positive, or re- 
generative. 
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Negative Feedback 


With negative feedback the voltage that is fed 
back opposes the signal voltage. This decreases 
the amplitude of the voltage acting between the 
grid and cathode and thus has the effect of reduc- 
ing the voltage amplification. That is, a larger 
exciting voltage is required for obtaiming the 
same output voltage from the plate circuit. 

The greater the amount of negative feedback 
(when properly applied) the more independent 
the amplification becomes of tube characteristics 
and circuit conditions. This tends to make the 
frequency-response characteristic of the amplifier 
flat — that is, the amplification tends to be the 
same at all frequencies within the range for 
which the amplifier is designed. Also, any distor- 
tion generated in the plate circuit of the tube 
tends to “buck itself out.”’ Amplifiers with nega- 
tive feedback are therefore comparatively free 
from harmonic distortion. These advantages are 
worth while if the amplifier otherwise has enough 
voltage gain for its intended use. 


Fig. 3-14—Simple circuits for producing feedback. 


In the circuit shown at A in Fig. 3-14 resistor 
R, is in series with the regular plate resistor, Rp, 
and thus is a part of the load for the tube. There- 
fore, part of the output voltage will appear across 
R.. However, FR, also is connected in series with 
the grid circuit, and so the output voltage that 
appears across R, is in series with the signal 
voltage. The output voltage across [, opposes 
the signal voltage, so the actual a.c. voltage 
between the grid and cathode is equal to the 
difference between the two voltages. 

The circuit shown at B in Fig. 3-14 can be used 
to give either negative or positive feedback. The 
secondary of a transformer is connected back 
into the grid circuit to insert a desired amount of 
feedback voltage. Reversing the terminals of 
either transformer winding (but not both simul- 
taneously) will reverse the phase. 


Positive Feedback 


Positive feedback increases the amplification 
because the feedback voltage adds to the original 
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signal voltage and the resulting larger voltage on 
the grid causes a larger output voltage. The 
amplification tends to be greatest at one fre- 
quency (which depends upon the particular cir- 
cuit arrangement) and harmonic distortion is 
increased. If enough energy is fed back, a self- 
sustaining oscillation — in which energy at essen- 
tially one frequency is generated by the tube 
itself — will be set up. In such case all the signal 
voltage on the grid can be supplied from the 
plate circuit; no external signal is needed because 
any small irregularity in the plate current — and 
there are always some such irregularities — will 
be amplified and thus give the oscillation an 
opportunity to build up. Positive feedback finds 
a major application in such “oscillators,” and in 
addition is used for selective amplification at both 
audio and radio frequencies, the feedback being 
kept below the value that causes self-oscillation. 


@ INTERELECTRODE CAPACITANCES 


Each pair of elements in a tube forms a small 
capacitor, with each element acting as a capac- 
itor “plate.” There are three such capacitances 
in a triode — that between the grid and cathode, 
that between the grid and plate, and that be- 
tween the plate and cathode. The capacitances 
are very small — only a few micromicrofarads at 
most — but they frequently have a very pro- 
nounced effect on the operation of an amplifier 
circuit. 

Input Capacitance 


It was explained previously that the a.c. grid 
voltage and a.c. plate voltage of an amplifier 
having a resistive load are 180 degrees out of 
phase, using the cathode of the tube as a reference 
point. However, these two voltages are in phase 
going around the circuit from plate to grid as 
shown in Fig. 3-15. This means that their sum is 
acting between the grid and plate; that is, across 
the grid-plate capacitance of the tube. 

As a result, a capacitive current flows around 
the circuit, its amplitude being directly propor- 
tional to the sum of the a.c. grid and plate 
voltages and to the grid-plate capacitance. The 
source of grid signal must furnish this amount of 
current, in addition to the capacitive current that 
flows in the grid-cathode capacitance. Hence the 
signal source “sees” an effective capacitance that 
is larger than the grid-cathode capacitance. This 
is known as the Miller Effect. 


Fig. 3-15—The a.c. voltage appearing between the grid 

and plate of the amplifier is the sum of the signal voltage 

and the output voltage, as shown by this simplified circuit. 
Instantaneous polarities are indicated. 


Screen-Grid Tubes 


The greater the voltage amplification the 
greater the effective input capacitance. The input 
capacitance of a resistance-coupled amplifier is 
given by the formula 
; Cinput = Cex + Cep(A + 1) 
where C,, is the grid-to-cathode capacitance, 
Cx» is the grid-to-plate capacitance, and A is the 
voltage amplification. The input capacitance may 
be as much as several hundred micromicrofarads 
when the voltage amplification is large, even 
though the interelectrode capacitances are quite 
small. ey 


Output Capacitance 


The principal component of the output ca- 
pacitance of an amplifier is the actual plate-to- 
cathode capacitance of the tube. The output 
capacitance usually need not be considered in 
audio amplifiers, but becomes of importance at. 
radio frequencies. 


Tube Capacitance at &.F. 


At radio frequencies the reactances of even 
very small interelectrode capacitances drop to 
very low values. A resistance-coupled amplifier 
gives very little amplification at r.f., for example, 
because the reactances of the interelectrode ‘‘ca- 
pacitors’”’ are so low that they practically short- 
circuit the input and output circuits and thus the 
tube is unable to amplify. This is overcome at 
radio frequencies by using tuned circuits for the 
grid and plate, making the tube capacitances part 
of the tuning capacitances. In this way the cir- 
cuits can have the high resistive impedances nec- 
essary for satisfactory amplification. 

The grid-plate capacitance is important at 
radio frequencies because its reactance, relatively 
low at r.f., offers a path over which energy can be 
fed back from the plate to the grid. In practically 
every case the feedback is in the right phase and 
of sufficient amplitude to cause self-oscillation, so 
the circuit becomes useless as an amplifier. 

Special “neutralizing” circuits can be used to 
prevent feedback but they are, in general, not 
too satisfactory when used in radio receivers. 
They are, however, used in transmitters. 


@ SCREEN-GRID TUBES 


The grid-plate capacitance can be reduced to a 
negligible value by inserting a second grid be- 
tween the control grid and the plate, as indicated 
in Fig. 3-16. The second grid, called the screen 
grid, acts as an electrostatic shield to prevent 
capacitive coupling between the control grid and 
plate. It is made in the form of a grid or coarse 
screen so that electrons can pass through it. 

Because of the shielding action of the screen 
erid, the positively charged plate cannot attract 
electrons from the cathode as it does in a triode. 
In order to get electrons to the plate, it is 
necessary to apply a positive voltage (with 
respect to the cathode) to the screen. The screen 
then attracts electrons much as does the plate in 
a triode tube. In traveling toward the screen the 
electrens acquire such velocity that most of them 
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Fig. 3-16—Representative arrangement of elements in a 
screen-grid tetrode, with part of plate and screen cut 
away. This is “single-ended” construction with a button 
base, typical of miniature receiving tubes. To reduce 
capacitance between control grid and plate..the leads 
from these elements are brought out at opposite sides; 
actual tubes probably would have additional shielding 
between these leads. 


shoot between the screen wires and then are 
attracted to’ the plate. A certain proportion do 
strike the screen, however, with the result that 
some current also flows in the screen-grid circuit. 

To be a good shield, the screen grid must be 
connected to the cathode through a circuit that 
has low impedance at the frequency being ampli- 
fied. A bypass capacitor from screen grid to 
cathode, having a reactance of not more than a 
few hundred ohms, is generally used. 

A tube having a cathode, control grid, screen 
grid and plate (four elements) is called a tetrode. 


Pentodes 


When an electron traveling at appreciable 
velocity through a tube strikes the plate it dis- 
lodges other electrons which “‘splash’’ from the 
plate into the interelement space. This is called 
secondary emission. In a triode the negative grid 
repels the secondary electrons back into the plate 
and they cause no disturbance. In the screen-grid 
tube, however, the positively charged screen 
attracts the secondary electrons, causing a re- 
verse current to flow between screen and plate. 

To overcome the effects of secondary emission, 
a third grid, called the suppressor grid, may be 
inserted between the screen and plate. This grid 
acts.as a shield between the screen grid and plate 
so the secondary electrons cannot be attracted 
by the screen grid. They are hence attracted back 
to the plate without appreciably obstructing the 
regular plate-current flow. A five-element tube of 
this type is called a pentode. 

Although the screen grid in either the tetrode 
or pentode greatly reduces the influence of the 
plate upon plate-current flow, the control grid 
still can control the plate current in essentially 
the same way that it does in a triode. Conse- 
quently, the grid-plate transconductance (or 
mutual conductance) of a tetrode or pentode will 
be of the same order of value as in a triode of cor- 
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responding structure. On the other hand, since 
a change in plate voltage has very little effect on 
the plate-current flow, both the amplification 
factor and plate resistance of a pentode or tetrode 
are very high. In small-receiving pentodes the 
amplification factor is of the order of 1000 or 
higher, while the plate resistance may be from 
0.5 to 1 or more megohms. Because of the high 
plate resistance, the actual voltage amplification 
possible with a pentode is very much less than 
the large amplification factor might indicate. A 
voltage gain in the vicinity of 50 to 200 is typical 
of a pentode stage. 

In practical screen-grid tubes the grid-plate 
capacitance is only a small fraction of a micro- 
microfarad. This capacitance is too small to cause 
an appreciable increase in input capacitance as 
described in the preceding section, so the input 
capacitance of a screen-grid tube is simply the 
sum of its grid-cathode capacitance and control- 
grid-to-screen capacitance. The output capaci- 
tance of a screen-grid tube is equal to the capaci- 
tance between the plate and screen. 

In addition to their applications as radio- 
frequency amplifiers, pentodes or tetrodes also 
are used for audio-frequency power amplification. 
In tubes designed for this purpose the chief func- 
tion of the screen is to serve as an accelerator of 
the electrons, so that large values of plate current 
can be drawn at relatively low plate voltages. 
Such tubes have quite high power sensitivity 
compared with triodes of the same power output, 
although harmonic distortion is somewhat greater. 


Beam Tubes 


A beam tetrode is a four-element screen-grid 
tube constructed in such a way that the electrons 
are formed into concentrated beams on their way 
to the plate. Additional design features overcome 
the effects of secondary emission so that a sup- 
pressor grid is not needed. The “beam” con- 
struction makes it possible to draw large plate 
currents at relatively low plate voltages, and 
increases the power sensitivity. 

For power amplification at both audio and 
radio frequencies beam tetrodes have largely 
supplanted the non-beam types because large 
power outputs can be secured with very small 
amounts of grid driving power. 


Variable-u Tubes 


The mutual conductance of a vacuum tube 
decreases when its grid bias is made more nega- 
tive, assuming that the other electrode voltages 
are held constant. Since the mutual conductance 
controls the amount of amplification, it is possible 
to adjust the gain of the amplifier by adjusting 
the grid bias. This method of gain control is uni- 
versally used in radio-frequency amplifiers de- 
signed for receivers. 

The ordinary type of tube has what is known 
as a sharp-cutoff characteristic. The mutual 
conductance decreases at a uniform rate as the 
negative bias is increased. The amount of signal 
voltage that such a tube can handle without 
causing distortion is not sufficient to take care of 
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very strong signals. To overcome this, some tubes 
are made with a variable-» characteristic — that 
is, the amplification factor decreases with increas- 
ing grid bias. The variable-y tube can handle a 
much larger signal than the sharp-cutoff type 
before the signal swings either beyond the zero 
grid-bias point or the plate-current cutoff point. 


@ INPUT AND OUTPUT IMPEDANCES 


The input impedance of a vacuum-tube ampli- 
fier is the impedance “‘seen”’ by the signal source 
when connected to the input terminals of the 
amplifier. In the types of amplifiers previously 
discussed, the input impedance is the impedance 
measured between the grid and cathode of the 
tube with operating voltages applied. At audio 
frequencies the input impedance of a Class A, 
amplifier is for all practical purposes the input 
capacitance of the stage. If the tube is driven into 
the grid-current region there is in addition a re- 
sistance component in the input impedance, the 
resistance having an average value equal to E2/P, 
where £ is the r.m.s. driving voltage and P isthe 
power in watts consumed in the grid. The re- 
sistance usually will vary during the a.c. cycle 
because grid current may flow only during part 
of the cycle; also, the grid-voltage/grid-current 
characteristic is seldom linear. 

The output impedance of amplifiers of this 
type consists of the plate resistance of the tube 
shunted by the output capacitance. 

At radio frequencies, when tuned circuits are 
employed, the input and output impedances are 
usually pure resistances; any reactive components 
are “‘tuned out” in the process of adjusting the 
circuits to resonance at the operating frequency. 


ee OTHER TYPES OF AMPLIFIERS 


In the amplifier circuits so far discussed, the 
signal has been applied between the grid and 
cathode and the amplified output has been taken 
from the plate-to-cathode circuit. That is, the 
cathode has been the meeting point for the input 
and output circuits. However, it is possible to use 
any one of the three principal elements as the 
common point. This leads to two additional kinds 
of amplifiers, commonly called the grounded-grid 
amplifier (or grid-separation circuit) and the 
cathode follower. 

These two circuits are shown in simplified form 
in Fig. 3-17. In both circuits the resistor R repre- 
sents the load into which the amplifier works; 
the actual load may be resistance-capacitance- 
coupled, transformer-coupled, may be a tuned 
circuit if the amplifier operates at. radio fre- 
quencies, and so on. Also, in both circuits the 
batteries that supply grid bias and plate power 
are assumed to have such negligible impedance 
that they do not enter into the operation of the 
circuits. 


Grounded-Grid Amplifier 


In the grounded-grid amplifier the input signal 
is applied between the cathode and grid, and the 
output is taken between the plate and grid. The 


Cathode Circuits and Grid Bias 


Fig. 3-17—In the 
upper circuit, the 
grid is the junction 
point between the 
input and output 
circuits. In the lower 
drawing, the plate 
is the junction. In 
either case the out- 
put is developed in 
the load resistor, 
R, and may be 
coupled to a fol- 
lowing amplifier by 
the usual methods. 


CATHODE FOLLOWER 


grid is thus the common element. The a.c. com- 
ponent of the plate current has to flow through 
the signal source to reach the cathode. The 
source of signal is in series with the load through 
the plate-to-cathode resistance of the tube, 
so some of the power in the load is supplied 
by the signal source. In transmitting applications 
this fed-through power is of the order of 10 per 
cent of the total power output, using tubes suit- 
able for grounded-grid service. 

The input impedance of the grounded-grid 
amplifier consists of a capacitance in parallel with 
an equivalent resistance representing the power 
furnished by the driving source to the grid and to 
the load. This resistance is of the order of a few 
hundred ohms. The output impedance, neglecting 
the interelectrode capacitances, is equal to the 
plate resistance of the tube. This is the same as 
in the case of the grounded-cathode amplifier. 

The grounded-grid amplifier is widely used 
at v.h.f. and u.h.f., where the more conventional 
amplifier circuit fails to work properly. With a 
triode tube designed for this type of operation, 
an r.f. amplifier can be built that is free from the 
type of feedback that causes oscillation. This 
requires that the grid act as a shield between the 
cathode and plate, reducing the plate-cathode 
capacitance to a very low value. 


Cathode Follower 


The cathode follower uses the plate 
of the tube as the common element. 
The input signal is applied between 
the grid and plate (assuming negligible 
impedance in the batteries) and the 
output is taken between cathode and 
plate. This circuit is degenerative; in 
fact, all of the output voltage is fed 
back into the input circuit out of 
phase with the grid signal. The input 
signal therefore has to be larger than 
the output voltage; that is, the cath- 
ode follower gives a loss in voltage, 
although it gives the same power gain 
as other circuits under equivalent op- 
erating conditions. 


GRID 
RETURN 


An important feature of the cathode follower is 
its low output impedance, which is given by the 
formula (neglecting interelectrode capacitances) 


rp 

Lie 

wheie r, is the tube plate resistance and u is the 
amplification factor. Low output impedance is a 
valuable characteristic in an amplifier designed 
to cover a wide band of frequencies. In addition, 
the input capacitance is only a fraction of 
the grid-to-cathode capacitance of the tube, a 
feature of further benefit in a wide-band ampli- 
fier. The cathode follower is useful as a step-down 
impedance transformer, since the input im- 
pedance is high and the output impedance is low. 


Zout Ges 


ai CATHODE CIRCUITS AND GRID BIAS 


Most of the equipment used by amateurs is 
powered by the a.c. line. This includes the fila- 
ments or heaters of vacuum tubes. Although 
supplies for the plate (and sometimes the grid) 
are usually rectified and filtered to give pure d.c. 
— that is, direct current that is constant and 
without a superimposed a.c. component — the 
relatively large currents required by filaments 
and heaters usually make a rectifier-type d.c. 
supply impracticable. 


Filament Hum 


Alternating current is just as good as direct 
current from the heating standpoint, but some of 
the a.c. voltage is likely to get on the grid and 
cause a low-pitched ‘‘a.c. hum” to be superim- 
posed on the output. 

Hum troubles are worst with directly-heated 
cathodes or filaments, because with such cathodes 
there has to be a direct connection between the 
source of heating power and the rest of the cir- 
cuit. The hum can be minimized by either of the 
connections shown in Fig. 3-18. In both cases the 
grid- and plate-return circuits are connected to 
the electrical midpoint (center tap) of the fila- 
ment supply. Thus, so far as the grid and plate 
are concerned, the voltage and current on one 
side of the filament are balanced by an equal and 
opposite voltage and current on the other side. 
The balance is never quite perfect, however, so 
filament-type tubes are never completely hum- 


Fig. 3-18—Filament center-tapping methods for use with directly 


heated tubes. 
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free. For this reason directly-heated filaments are 
employed for the most part in power tubes, 
where the amount of hum introduced is ex- 
tremely small in comparison with the power- 
output level. 

With indirectly heated cathodes the chief 
problem is the magnetic field set up by the heater. 
Occasionally, also, there is leakage between the 
heater and cathode, allowing a small a.c. voltage 
to get to the grid. If hum appears, grounding one 
side of the heater supply usually will help to 
reduce it, although sometimes better results are 
obtained if the heater supply is center-tapped 
and the center-tap grounded, as in Fig. 3-18. 


Cathode Bias 


In the simplified amplifier circuits discussed in 
this chapter, grid bias has been supplied by a bat- 
tery. However, in equipment that cperates from 
the power line cathode bias is very frequently 
used. 

The cathode-bias method uses a resistor (cath- 
ode resistor) connected in series with the cathode, 
as shown at /? in Fig. 3-19. The direction of plate- 
current. flow is such that the end of the resistor 
nearest the cathode is positive. The voltage drop 


ten 


Fig. 3-19—Cathode biasing. R is the cathode resistor and 
C is the cathode bypass capacitor. 


across J? therefore places a negative voltage on 
the grid. This negative bias is obtained from 
the steady d.c. plate current. 

If the alternating component of plate current 
flows through when the tube is amplifying, the 
voltage drop caused by the a.c. will be degenera- 
tive (note the similarity between this circuit and 
that of Fig. 3-14A). To prevent this the resistor 
is bypassed by a capacitor, C, that has very 
low reactance compared with the resistance of 7. 
Depending on the type of tube and the particular 
kind of operation, R may be between about 100 
and 3000 ohms. For good bypassing at the low 
audio frequencies, C’ should be 10 to 50 micro- 
farads (electrolytic capacitors are used for this 
purpose). At radio frequencies, capacitances of 
about 100 puf. to 0.1 uf. are used; the small 
values are sufficient at very high frequencies and 
the largest at low and medium frequencies. In 
the range 3 to 30 megacycles a capacitance of 
0.01 uf. is satisfactory. 

The value of cathode resistor for an amplifier 
having negligible d.c. resistance in its plate cir- 
cuit (transformer or impedance coupled) can 
easily be calculated from the known operating 
conditions of the tube. The proper grid bias 
and plate current always are specified by the 
manufacturer. Knowing these, the required re- 
sistance can be found by applying Ohm’s Law. 
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Example: It is found from tube tables that the 
tube to be used should have a negative grid bias 
of 8 volts and that at this bias the plate current 
will be 12 milliamperes (0.012 amp.). The re- 
quired cathode resistance is then 


The nearest standard value, 680 ohms, would be 
close enough. The power used in the resistor is 


P=EHI =8 X 0.012 = 0.096 watt. 


A \Y-watt or 4-watt resistor would have ample 
rating. 


The current that flows through F is the total 
cathode current. In an ordinary triode amplifier 
this is the same as the plate current, but in a 
screen-grid tube the cathode current is the sum of 
the plate and screen currents. Hence these two 
currents must be added when calculating the 
value of cathode resistor required for a screen- 
grid tube. 

Example: A receiving pentode requires 3 volts 
negative bias. At this bias and the recommended 
plate and screen voltages, its plate current is 9 
ina. and its screen current is 2 ma. The cathode 


current is therefore 11 ma. (0.011 amp.), The 
required resistance is 


A 270-ohm resistor would be satisfactory. The 
power in the resistor is 


Pee Bla 3 << O0LS = O.03s3i wate 


The cathode-resistor method of biasing is self- 
regulating, because if the tube characteristics 
vary slightly from the published values (as they 
do in practice) the bias will increase if the plate 
current.is slightly high, or decrease if it is slightly 
low. This tends to hold the plate current at the 
proper value. 

Calculation of the cathode resistor for a re- 
sistance-coupled amplifier is ordinarily not prac- 
ticable by the method described above, because 
the plate current in such an amplifier is usually 
much smaller than the rated value given in the 
tube tables. However, representative data for the 
tubes commonly used as_ resistance-coupled 
amplifiers are given in the chapter on audio 
amplifiers, including cathode-resistor values. 


“‘Contact Potential’’ Bias 


In the absence of any negative bias voltage on 
the grid of a tube, some of the electrons in the 
space charge will have enough velocity to reach 
the grid. This causes a small current (of the order 
of microamperes) to flow in the external circuit 
between the grid and cathode. If the current is 
made to flow through a high resistance — a meg- 
ohm or so —the resulting voltage drop in the 
resistor will give the grid a negative bias of the 
order of one volt. The bias so obtained is called 
contact-potential bias. 

Contact-potential bias can be used to advan- 
tage in circuits operating at low signal levels (less 
than one volt peak) since it eliminates the cath- 
ode-bias resistor and bypass capacitor. It 1s prin- 
cipally used in low-level resistance-coupled audio 


Oscillators 


amplifiers. The bias resistor is connected directly 
between grid and cathode, and must be isolated 
from the signal source by a blocking capacitor. 


Screen Supply 


In practical circuits using tetrodes and pen- 
todes the voltage for the screen frequently is 
taken from the plate supply through a resistor. A 
typical circuit for an r.f. amplifier is shown in 
Fig. 3-20. Resistor R is the screen dropping 
resistor, and C’ is the screen bypass capacitor. 
In flowing through R, the screen current causes 
a voltage drop in R that reduces the plate-supply 
voltage to the proper value for the screen. When 
the plate-supply voltage and the screen current 
are known, the value of f can be calculated from 
Ohm’s Law. 


Example: An r.f. receiving pentode has a rated 
screen current of 2 milliamperes (0.002 amp.) at 
normal operating conditions. The rated screen 
voltage is 100 volts, and the plate supply gives 
250 volts. To put 100 volts on the screen, the 
drop across R must be equal to the difference 
between the plate-supply voltage and the screen 
voltage; that is, 250 — 100 = 150 volts. Then 


The power to be dissipated in the resistor is 


O Plate Voltage O 
= + 


Fig. 3-20—Screen-voltage supply for a pentode tube 

through a dropping resistor, R. The screen bypass 

capacitor, C, must have low enough reactance to bring 

the screen to ground. potential for the frequency or 
frequencies being amplified. 


P =I =150 X 0.002 = 0.3 watt. 


A \%- or 1-watt resistor would be satisfactory. 


The reactance of the screen bypass capacitor, 
C, should be low compared with the screen-to- 
cathode impedance. For radio-frequency applica- 
tions a capacitance in the vicinity of 0.01 uf. is 
amply large. 

In some vacuum-tube circuits the screen volt- 
age is obtained from a voltage divider connected 
across the plate supply. The design of voltage 
dividers is discussed at length in Chapter 7 on 
Power Supplies. 


Oscillators 


It was mentioned earlier that if there is enough 
- positive feedback in an amplifier circuit; self- 
sustaining oscillations will be set up. When - an 
amplifier 1 is arranged so that this condition exists 
it is called an oscillator. 

Oscillations normally take place at only one 
frequency, and a desired frequency of oscillation 
can be obtained by using a resonant circuit tuned 
to that fr equency. For example, in Fig. 3-21A 
the circuit LC is tuned to the desired Frequency 
of oscillation. The cathode of the tube is con- 
nected to a tap on coil L and the grid and plate 
are connected to opposite ends of the tuned cir- 
cuit. When an r.f. current flows in the tuned 
circuit there is a voltage drop across L that in- 
creases progressively along: the turns. Thus the 
point at which the tap is connected will be at an 
intermediate potential with respect to the two 
ends of the coil. The amplified current in the plate 
circuit, which flows through the bottom section of 
L, is in phase with the current already flowing in 
the circuit and thus in the proper relationship for 
positive feedback. 

The amount of feedback depends on the posi- 
tion of the tap. If the tap is too near the grid end 


the voltage drop between grid and cathode is too. 


small to give enough feedback to sustain oscilla- 
tion, and if it is too near the plate end the im- 
pedance between the cathode and plate is too 
small to permit good amplification. Maximum 
feedback usually is obtained when the tap is 
somewhere near the center of the coil. 


The circuit of Fig. 3-21A is parallel-fed, Cy 
being the blocking capacitor. The value of C, 
is not critical so long as its reactance is low (not 
more than a few hundred ohms) at the operating 
frequency. 

Capacitor C, is the grid capacitor. It and R, 
(the grid leak) are used for the purpose of ob- 


COLPITTS CIRCUIT 


Fig. 3-21 —Basic oscillator circuits. Feedback voltage is 

obtained by tapping the grid and cathode across a portion 

of the tuned circuit. In the Hartley circuit the tap is on the 

coil, but in the Colpitts circuit the voltage is obtained from 
the drop across a capacitor. 
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taining grid bias for the tube. In most oscillator 
circuits the tube generates its own bias. During 
the part of the cycle when the grid is positive 
with respect to the cathode, it attracts electrons. 
These electrons cannot flow through L back to 
the cathode because C, ‘‘blocks” direct current. 
They therefore have to flow or ‘leak’ through 
R, to cathode, and in doing so cause a voltage 
drop in R, that places a negative bias on the 
grid. The amount of bias so developed is equal 
to the grid current multiplied by the resistance 
of Re, (Ohm’s Law). The value of grid-leak 
resistance required depends upon the kind of 
tube used and the purpose for which the oscil- 
lator is intended. Values range all the way from a 
few thousand to several hundred thousand ohms. 
The capacitance of C, should be large enough to 
have low reactance (a few hundred ohms) at the 
operating frequency. 

The circuit shown at B in Fig. 3-21 uses the 
voltage drops across two capacitors in series in 
the tuned circuit to supply the feedback. Other 
than this, the operation is the same as just 
described. The feedback can be varied by vary- 
ing the ratio of the reactances of Cy and C2 (that 
is, by varying the ratio of their capacitances). 

Another type of oscillator, called the tuned- 
plate tuned-grid circuit, is shown in Fig. 3-22. 


Voltage 


Fig. 3-22—The tuned-plate tuned-grid oscillator. 


Resonant circuits tuned approximately to the 
same frequency are connected between grid and 
cathode and between plate and cathode. The two 
coils, L; and Le, are not magnetically coupled. 
The feedback is through the grid-plate capaci- 
tance of the tube, and will be in the right phase 
to be positive when the plate circuit, CoLe, is 
tuned to a slightly higher frequency than the 
erid circuit, L1C;. The amount of feedback can 
be adjusted by varying the tuning of either cir- 
cuit. The frequency of oscillation is determined 
by the tuned circuit that has the higher Q. The 
grid leak and grid capacitor have the same 
functions as in the other circuits. In this case it is 
convenient to use series feed for the plate circuit, 
so Cy is a bypass capacitor to guide the r.f. 
current around the plate supply. 

There are many oscillator circuits (examples of 
others will be found in later chapters) but the 
basic feature of all of them is that there is posi- 
tive feedback in the proper amplitude and phase 
to sustain oscillation. 


Oscillator Operating Characteristics 


When an oscillator is delivering power to a 
load, the adjustment for proper feedback will 
depend on how heavily the oscillator is loaded 
— that is, how much power is being taken from 


74 


the circuit. If the feedback is not large enough — 
grid excitation too small —a small increase in 
load may tend to throw the circuit out of oscilla- 
tion. On the other hand, too much feedback 
will make the grid current excessively high, 
with the result that the power loss in the grid 
circuit becomes larger than necessary. Since the 
oscillator itself supplies this grid power, excessive 
feedback lowers the over-all efficiency because 
whatever power is used in the grid circuit is not 
available as useful output. 

One of the most important considerations in 
oscillator design is frequency stability. The prin- 
cipal factors that cause a change in frequency are 
(1) temperature, (2) plate voltage, (3) loading, 
(4) mechanical variations of circuit elements. 
Temperature changes will cause vacuum-tube 
elements to expand or contract slightly, thus 
causing variations in the interelectrode ca- 
pacitances. Since these are unavoidably part 
of the tuned circuit, the frequency will change 
correspondingly. Temperature changes in the coil 
or the tuning capacitor will alter the inductance 
or capacitance slightly, again causing a shift in 
the resonant frequency. These effects are rela- 
tively slow in operation, and the frequency 
change caused by them is called drift. 

A change in plate voltage usually will cause 
the frequency to change a small amount, an 
effect called dynamic instability. Dynamic in- 
stability can be reduced by using a tuned circuit 
of high effective Q. The energy taken from the 
circuit to supply grid losses, as well as energy 
supplied to a load, represent an increase in the 
effective resistance of the tuned circuit and thus 
lower its Q. For highest stability, therefore, the 
coupling between the tuned circuit and the tube 
and load must be kept as loose as possible. Pref- 
erably, the oscillator should not be required to 
deliver power to an external circuit, and a high 
value of grid leak resistance should be used since 
this helps to raise the tube grid and plate resist- 
ances as seen by the tuned circuit. Loose coupling 
can be effected in a variety of ways — one, for 
example, is by “tapping down” on the tank for 
the connections to the grid and plate. This is 
done in the “‘series-tuned” Colpitts circuit 
widely used in variable-frequency oscillators for 
amateur transmitters and described in a later 
chapter. Alternatively, the L/C ratio may be 
made as small as possible while sustaining stable 
oscillation (high C) with the grid and plate con- 
nected to the ends of the circuit as shown in 
Figs. 3-21 and 3-22. Using relatively high plate 
voltage and low plate current also is desirable. 

In general, dynamic stability will be at maxi- 
mum when the feedback is adjusted to the least 
value that permits reliable oscillation. The use 
of a tube having a high value of transconductance 
is desirable, since the higher the transconductance 
the looser the permissible coupling to the tuned 
circuit and the smaller the feedback required. 

Load variations act in much the same way as 
plate-voltage variations. A temperature change 
in the load may also result in drift. 

Mechanical variations, usually caused by 
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vibration, cause changes in inductance and/ 
or capacitance that in turn cause the frequency 
to ‘‘wobble” in step with the vibration. 

Methods of minimizing frequency variations 
in oscillators are taken up in detail in later 
chapters. 


Ground Point 


In the oscillator circuits shown in Figs. 3-21 
and 3-22 the cathode is connected to ground. 
It is not actually essential that the radio- 
frequency circuit should be grounded at the 
cathode; in fact, there are many times when 
an r.f. ground on some other point in the circuit 
is desirable. The r.f. ground can be placed at 
any point so long as proper provisions are 
made for feeding the supply voltages to the 
tube elements. 

Fig. 3-23 shows the Hartley circuit with the 
plate end of the circuit grounded. No r.f. choke is 
needed in the plate circuit because the plate al- 
ready is at ground potential and there is no r.f. 
to choke off All that is necessary is a bypass 
capacitor, Cb, across the plate supply. Direct 
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Vacuum tubes are readily adaptable to other 
types of operation than ordinary (without sub- 
stantial distortion) amplification and the genera- 
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tion of single-frequency oscillations. Of particular 
interest is the clipper or limiter circuit, because 
of its several applications in receiving and other 
equipment. 


Diode Clipper Circuits 


Basic diode clipper circuits are shown in Fig. 
3-24. In the series type a positive d.c. bias volt- 
age is applied to the plate of the diode so it is 
normally conducting. When a signal is applied 
the current through the diode will change pro- 
portionately during the time the signal voltage is 
positive at the diode plate and for that part of 
the negative half of the signal during which the 
instantaneous voltage does not exceed the bias. 
When the negative signal voltage exceeds the 
positive bias the resultant voltage at the diode 


Fig. 3-24—Series and shunt 
diode clippers. Typical opera- 
tion is shown at the right. 


O Plate 
Voltage 


Fig. 3-23—Showing how the plate may be grounded for 
r.f. in a typical oscillator circuit (Hartley). 


current flows to the cathode through the lower 
part of the tuned-circuit coil, L. An advantage of 
such a circuit is that the frame of the tuning 
capacitor can be grounded. 

Tubes having indirectly heated cathodes are 
more easily adaptable to circuits grounded at 
other points than the cathode than are tubes 
having directly heated filaments. With the 
latter tubes special precautions have to be 
taken to prevent the filament from being by- 
passed to ground by the capacitance of the 
filament-heating transformer. 


Circuits 


plate is negative and there is no conduction. 
Thus part of the negative half cycle is clipped as 
shown in the drawing at the right. The level at 
which clipping occurs depends on the bias volt- 
age, and the proportion of signal clipping de- 
pends on the signal strength in relation to the 
bias voltage. If the peak signal voltage is below 
the bias level there is no clipping and the out- 
put wave shape is the same as the input wave 
- shape, as shown in the lower sketch. The out- 
put voltage results from the current flow 
through the load resistor R. 

In the shunt-type diode clipper negative bias 
is applied to the plate so the diode is normally 
nonconducting. In this case the signal voltage 
is fed through the series resistor 2 to the output 
circuit (which must have high impedance com- 
pared with the resistance of 2). When the nega- 
tive half of the signal voltage exceeds the bias 
voltage the diode conducts, and because of the 
voltage drop in R when current flows the output 
voltage is reduced. By proper choice of F in rela- 
tionship to the load on the output circuit the 
clipping can be made equivalent to that given 
by the series circuit. There is no clipping when 
the peak signal voltage is below the bias level. 

Two diode circuits can be combined so that 
both the negative and positive peaks of the signal 
are clipped. 


Triode Clippers 


The circuit shown at A in Fig. 3-25 is capable 
of clipping both negative and positive signal 
peaks. On positive peaks its operation is similar 
to the shunt diode clipper, the clipping taking 
place when the positive peak of the signal voltage 
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Fig. 3-25—Triode clippers. A—Single triode, using shunt-type 
diode clipping in the grid circuit for the positive peak and 
plate-current cut-off clipping for the negative peak. B— 
Cathode-coupled clipper, using plate-current cut-off clipping 


for both positive and negative peaks. 


is large enough to drive the grid positive. The 
positive-clipped signal is amplified by the tube 
as a resistance-coupled amplifier. Negative peak 
clipping occurs when the negative peak of the 
signal voltage exceeds the fixed grid bias and thus 
cuts off the plate current in the output circuit. 
In the cathode-coupled clipper shown at B 
in Fig. 3-25 V, is a cathode follower with its out- 
put circuit directly connected to the cathode of 
Vo, which is a grounded-grid amplifier. The tubes 
are biased by the voltage drop across 21, which 
carries the d.c. plate currents of both tubes. 
When the negative peak of the signal voltage ex- 


Bt 


OUTPUT 


CATHODE - COUPLED 


ceeds the d.c. voltage across R clipping occurs 
in V;, and when the positive peak exceeds the 
same value of voltage Vo’s plate current is cut 
off. (The bias developed in 2, tends to be constant 
because the plate current of one tube increases 
when the plate current of the other decreases. ) 
Thus the circuit clips both positive and negative 
peaks. The clipping is symmetrical, providing the 
d.c. voltage drop in 2 is small enough so that 
the operating conditions of the two tubes are 
substantially the same. For signal voltages below 
the clipping level the circuit operates as a normal 
amplifier with low distortion. 


U.H.F. and Microwave Tubes 


At ultrahigh” frequencies, interelectrode ca- 
pacitances and the inductance of internal leads 
determine tHe highest possible frequency to which 
a vacuum tube can be tuned. The tube usually 
will not oscillate-up to this limit, however, be- 
cause of dielectric losses, transit time and other 
effects. In low-frequency operation, the actual 
time of flight of electrons between the ‘cathode 
and the anode is negligible in relation to the dura- 
tion of the cycle. At 1000 ke., for example, transit 
time of 0.001 microsecond, which is typical of 
conventional tubes, is only 1/1000 cycle. But at 
100 Mce., this same transit time represents 40 
of a cycle, and a full cycle at 1000 Mc. These 
limiting factors establish about 3000 Mc. as the 
upper frequency limit for negative-grid tubes. 

With most tubes of conventional design, the 
upper limit of useful operation is around 150 Me. 
For higher frequencies tubes cf special construc- 
tion are required. About the only means available 
for reducing interelectrode capacitances is to re- 
duce the physical size of the elements, which is 
practical only in tubes which do not have to 
handle appreciable power. However, it is possible 
to reduce the internal lead inductance very ma- 
terially by minimizing the lead length and by 
using two or more leads in parallel from an 
electrode. 

In some types the electrodes are provided with 
up to five separate leads which may be connected 
in parallel externally. In double-lead types the 


plate and grid elements are supported by heavy — 


single wires which run entirely through the en- 
velope, providing terminals at either end of the 
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bulb. With linear tank circuits the leads become 
a part of the line and have distributed rather than 
lumped constants. : 
In ‘‘lighthouse” tubes or disk-seal tubes, the 
plate, grid and cathode are assembled in parallel 


connection 


D.C. Cathode 
connection 


Fig. 3-26—Sectional view of the “lighthouse” tube’s 
construction. Close electrode spacing reduces transit time 
while the disk electrode connections reduce lead inductance: 


planes, as shown in Fig. 3-26, instead of coaxially. 
The disk-seal terminals practically eliminate lead 
inductance. 


Velocity Modulation 


In conventional tube operation the potential on 
the grid tends to reduce the electron velocity 
during the more negative half of the cycle, while 
on the other half cycle the positive potential on 
the grid serves to accelerate the electrons. Thus 
the electrons tend to separate into groups, those 
leaving the cathode during the negative half- 


cycle being collectively slowed down, while those 


U.H.F. and Microwave Tubes 


leaving on the positive half are accelerated. After 
passing into the grid-plate space only a part of 
the electron stream follows the original form of 
the oscillation cycle, the remainder traveling to 
the plate at differing velocities. Since these con- 
tribute nothing to the power output at the op- 
erating frequency, the efficiency is reduced in 
direct proportion to the variation in velocity, the 
output reaching a value of zero when the transit 
time approaches a half-cycle. 

This effect is turned to advantage in velocity- 
modulated tubes in that the input signal voltage 
on the grid is used to change the velocity of the 
electrons in a constant-current electron beam, 
rather than to vary the intensity of a constant- 
velocity current flow as is the method in ordinary 
tubes. 

The velocity modulation principle may be used 
in a number of ways, leading to several tube de- 
signs. The major tube of this type is the ‘‘kly- 
stron.” 


The Klystron 


In the klystron tube the electrons emitted by 
the cathode pass through an electric field estab- 
lished by two grids in a cavity resonator called 
the buncher. The high-frequency electric field 
between the grids is parallel to the electron 
stream. This field accelerates the electrons at one 
moment and retards them at another, in accord- 
ance with the variations of the r.f. voltage ap- 
plied. The resulting velocity-modulated beam 
travels through a field-free ‘‘drift space,’’ where 
the slower-moving electrons are gradually over- 
taken by the faster ones. The electrons emerging 
from the pair of grids therefore are separated into 
groups or ‘‘bunched”’ along the direction of mo- 
tion. The velocity-modulated electron stream 
then goes to a catcher cavity where it again 
passes through two parallel grids, and the 
r.f. current created by the bunching of the elec- 
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Fig. 3-27—Circuit diagram of the klystron oscillator, 
showing the feed-back loop coupling the frequency-con- 
trolling cavities. 
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tron beam induces an r.f. voltage between the 
grids. The catcher cavity is made resonant at the 
frequency of the velocity-modulated electron 
beam, so that an oscillating field is set up within 
it by the passage of the electron bunches through 
the grid aperture. 

If a feedback loop is provided between the 
two cavities, as shown in Fig. 3-27, oscillations 
will occur. The resonant frequency depends on 
the electrode voltages and on the shape of the 
cavities, and may be adjusted by varying the 
supply voltage and altering the dimensions of the 
cavities. Although the bunched beam current is 
rich in harmonics the output wave form is re- 
markably pure because the high Q of the catcher 
cavity suppresses the unwanted harmonics. 


Magnetrons 
A magnetron is fundamentally a diode with 


cylindrical electrodes placed in a uniform mag- 
netic field, with the lines of magnetic force parallel 
to the axes of the elements. The simple cylindrical 
magnetron consists of a cathode surrounded by 
a concentric cylindrical anode. In the more effi- 


co 
(A) a 


Ourection of magnetic field —» 


(8) 


Fig. 3-28—Conventional magnetrons, with equivalent 
schematic symbols at the right. A, simple cylindrical 
magnetron. B, split-anode negative-resistance magnetron. 
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cient split-anode magnetron the cylinder is di- 
vided lengthwise. 

Magnetron oscillators are operated in two dif- 
ferent ways. Electrically the circuits are similar, 
the difference being in the relation between ele- 
tron transit time and the frequency of oscillation. 

In the negative-resistance or dynatron type of 
magnetron oscillator, the element dimensions and 
anode voltage are such that the transit time is 
short compared with the period of the oscillation 
frequency. Electrons emitted from the cathode 
are driven toward both halves of the anode. If 
the potentials of the two halves are unequal, the 
effect of the magnetic field is such that the ma- 
jority of the electrons travel to the half of the 
anode that is at the lower potential. That is, a 
decrease in the potential of either half of the 
anode results in an increase in the electron 
current flowing to that half. The magnetron con- 
sequently exhibits negative-resistance character- 
istics. Negative-resistance magnetron oscillators 
are useful between 100 and 1000 Mc. Under the 
best operating conditions efficiencies of 20 to 25 
per cent may be obtained. 
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In the transit-time magnetron the frequency is 
determined primarily by the tube dimensions and 
by the electric and magnetic field intensities 
rather than by the tuning of the tank circuits. 
The intensity of the magnetic field is adjusted so 
that, under static conditions, electrons leaving the 
cathode move in curved paths which just fail to 
reach the anode. All electrons are therefore de- 
flected back to the cathode, and the anode cur- 
rent is zero. An alternating voltage applied be- 
tween the two halves of the anode will cause the 

Fig. 3-29— 

Split-anode 

magnetron 

with integral 

- resonant anode 

cavity for use 
at u.h.f. 


Cathode 


potentials of these halves to vary about their av- 
erage positive values. If the period (time required 
for one cycle) of the alternating voltage is made 
equal to the time required for an electron to make 
one complete rotation in the magnetic field, the 
a.c. component of the anode voltage reverses di- 
rection twice with each electron rotation. Some 
electrons will lose energy to the electric field, with 
the result that they are unable to reach the cath- 
ode and continue to rotate about it. Meanwhile 
other electrons gain energy from the field and are 


Fig. 3-30—Schematic draw: 
ing of a_ traveling-wave 
amplifier tube. 
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returned to the cathode. Since those electrons 
that lose energy remain in the interelectrode space 
longer than those that gain energy, the net effect 
is a transfer of energy from the electrons to the 
electric field. This energy can be used to sustain 
oscillations in a resonant transmission line con- 
nected between the two halves of the anode. 
Split-anode magnetrons for u.h.f. are con- 
structed with a cavity resonator built into the 
tube structure, as illustrated in Fig. 3-29. The 


assembly is a solid block of copper which assists 
in heat dissipation. At extremely high frequen- 
cies operation is improved by subdividing the 
anode structure into 4 to 16 or more segments, 
the resonant cavities for each anode being coupled 
to the common cathode region by slots of critical 
dimensions. : 

The efficiency of multisegment magnetrons 
reaches 65 or 70 per cent. Slotted-anode mag- 
netrons with four segments function up to 30,000 
Me. (1 em.), delivering up to 100 watts at effi- 
ciencies greater than 50 per cent. Using larger 
multiples of anodes and higher-order modes, per- 
formance can be attained at 0.2 cm. 


Traveling-Wave Tubes 


Gains as high as 23 db. over a bandwidth of 
800 Me. at a center frequency of 3600 Mc. have 
been obtained through the use of a traveling- 
wave amplifier tube shown schematically in Fig. 
3-30. An electromagnetic wave travels down the 
helix, and an electron beam is shot through the 
helix parallel to its axis, and in the direction of 
propagation of the wave. When the electron 
velocity is about the same as the wave velocity 
in the absence of the electrons, turning on the 
electron beam causes a power gain for wave prop- 
agation in the direction of the electron motion. 

The portions of Fig. 3-30 marked “input” and 
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“output” are waveguide sections to which the 
ends of the helix are coupled. In practice two 
electromagnetic focusing coils are used, one form- 
ing a lens at the electron gun end, and the other 
a solenoid running the length of the helix. 

The outstanding features of the traveling-wave 
amplifier tube are its great bandwidth and large 
power gain. However, the efficiency is rather low. 
Typical power output is of the order of 200 
milliwatts. 
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CHAPTER 4 


Semiconductor 


Devices 


Certain materials whose resistivity is not high 
enough to classify them as good insulators, but 
is still high compared with the resistivity of 
common metals, are known as semiconductors. 
These materials, of which germanium and silicon 
are examples, have an atomic structure that 
normally is associated with insulators. However, 
when small amounts of impurities are introduced 
during the manufacture of germanium or silicon 
crystals, it is possible for free electrons to exist 
and to move through the crystals under the influ- 
ence of an electric field. It is also possible for some 
of the atoms to be deficient in an electron, and 
these electron deficiencies or holes can move from 
atom to atom when urged to do so by an applied 
electric force. (The movement of a hole is actu- 
ally the movement of an electron, the electron 
becoming detached from one atom, making a 
hole in that atom, in order to move into an 
existing hole in another atom.) The holes can be 
considered to be equivalent to particles carrying 
a positive electric charge, while the electrons of 
course have negative charges. Holes and electrons 
are called charge carriers in semiconductors. 


Electron and Hole Conduction 


Material which conducts by virtue of a de- 
ficiency in electrons — that is, by hole conduc- 
tion —is called p-type material. In n-type 
material, which has an excess of electrons, the 
conduction is termed ‘electronic.’ If a piece of 
p-type material is joined to a piece of n-type 
material as at A in Fig. 4-1 and a voltage is ap- 
plied to the pair as at B, current will flow across 
the boundary or junction between the two (and 
also in the external circuit) when the battery has 
the polarity indicated. Electrons, indicated by 
the minus symbol, are attracted across the junc- 
tion from the n material through the p material 
to the positive terminal of the battery, and 
holes, indicated by the plus symbol, are attracted 
in the opposite direction across the junction by 
the negative potential of the battery. Thus 
current flows through the circuit by means of 


CURRENT 


NO CURRENT 


electrons moving one way and holes the other. 

If the battery polarity is reversed, as at C, 
the excess electrons in the n material are ar- 
tracted away from the junction and the holes in 
the p material are attracted by the negative po- 
tential of the battery away from the junction. 
This leaves the junction region without any cur- 
rent carriers, consequently there is no conduction. 

In other words, a junction of p- and n-type 
materials constitutes a rectifier. It differs from 
the tube diode rectifier in that there is a measur- 
able, although comparatively very small, reverse 
current. The reverse current results from the 
presence of some carriers of the type opposite to 
those which principally characterize the material. 
The principal ones are called majority carriers, 
while the lesser ones are minority carriers. 

The process by which the carriers cross the 
junction is essentially diffusion, and takes place 
comparatively slowly. This, together with the fact 
that the junction forms a capacitor with the two 
plates separated by practically zero spacing and 
hence has relatively high capacitance, places a 
limit on the upper frequency at which semicon- 
ductor devices of this construction will operate, 
as compared with vacuum tubes. Also, the num- 
ber of excess electrons and holes in the material 
depends upon temperature, and since the con- 
ductivity in turn depends on the number of ex- 
cess holes and electrons, the device is more tem- 
perature sensitive than is a vacuum tube. 

Capacitance may be reduced by making the 
contact area very small. This is done by means 
of a point contact, a tiny p-type region being 
formed under the contact point during manu- 
facture when n-type material is used for the 
main body of the device. 


eo] SEMICONDUCTOR DIODES 


Diodes of the point-contact type are used for 
many of the same purposes for which tube diodes 
are used. The construction of such a diode is 


Fig. 4-1—A p-n junction (A) and_ its 
behavior when conducting (B) and non- 
conducting (C). 
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Fig. 4-2—Construction of a germanivm-point-contact 
diode. In the circuit symbol for a contact rectifier the 
arrow points in the direction of minimum resistance meas- 
ured by the conventional method—that is, going from the 
positive terminal of the voltage source through the rectifier 
to the negative terminal of the source. The arrow thus 
corresponds to the plate and the bar to the cathode of a 
tube diode. 


shown in Fig. 4-2. Germanium and silicon are 
the most widely used materials, the latter prin- 
cipally in the u.h.f. region. 

As compared with the tube diode for r.f. ap- 
plications, the crystal diode has the advantages 
of very small size, very low interelectrode ca- 
pacitance (of the order of 1 uyuf. or less) and 
requires no heater or filament power. 


Characteristic Curves 


The germanium crystal diode is characterized 
by relatively large current flow with small ap- 
plied voltages in the “forward” direction, and 
small, although finite, current flow in the reverse 
or “back” direction for much larger applied 
voltages. A typical characteristic curve is shown 
in Fig. 4-3. The dynamic resistance in either the 
forward or back direction is determined by the 
change in current that occurs, at any given point 
on the curve, when the applied voltage is changed 
by a small amount. The forward resistance shows 
some variation in the region of very small ap- 
plied voltages, but the curve is for the most part 
quite straight, indicating fairly constant dynamic 
resistance..For small applied voltages, the forward 
resistance is of the order of 200 ohms in most 
such diodes. The back resistance shows con- 
siderable variation, depending on the particular 
voltage chosen for the measurement. It may run 
from a few hundred thousand ohms to over a 
megohm. In applications such as meter rectifiers 
for r.f. indicating instruments (r.f. voltmeters, 
wavemeter indicators, and so on) where the 
load resistance may be small and the applied 
voltage of the order of several volts, the re- 
gistances vary with the value of the applied 
voltage and are considerably lower. 


Junction Diodes 


Junction-type diodes made of germanium or 
silicon are employed principally as power recti- 
fiers, in applications similar to those where seleni- 
um rectifiers are used. Depending on the 
design of the particular diode, they are capable 
of rectifying currents up to several hundred 
milliamperes. The safe inverse peak voltage of a 
junction is relatively low, so an appropriate 
number of rectifiers must be connected in series 
to operate safely on a given a.c. input voltage. 
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Ratings 


Crystal diodes are rated primarily in terms of 
maximum safe inverse voltage and maximum 
average rectified current. Inverse voltage is a 
voltage applied in the direction opposite to that 
which causes maximum current flow. The average 
current is that which would be read by a d.c. 
meter connected in the current path. 

It is also customary to specify standards of 
performance with respect to forward and back 
current. A minimum value of forward current is 
usually specified for one volt applied. The voltage 
at which the maximum tolerable back current is 
specified varies with the type of diode. 


Fig. 4-3—Typical point 
contact germanium diode 
characteristic curve. Be- 
cause the back current is 
much smaller than the for- 
ward current, a different 


scale is used for back 
voltage and current. 
10 
BACK VOLTS 
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Zener Diodes 


The ‘‘zener diode’’ is a special type of silicon 
junction diode that has a characteristic similar 
to that shown in Fig. 4-4. The sharp break from 
non-conductance to conductance is called the 
Zener Knee; at applied voltages greater than this 
breakdown point, the voltage drop across the 
diode is essentially constant over a wide range 
of currents. The substantially constant voltage 
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Fig. 4-4—Typical characteristic of a zener diode. In this 

example, the voltage drop is substantially constant at 30 

volts in the (normally) reverse direction. Compare with Fig. 

4-3. A diode with this characteristic would be called a 
"30-volt zener diode.” 


Transistors 


drop over a wide range of currents allows this 
semiconductor device to be used as a constant 
voltage reference or control element, in a manner 
somewhat similar to the gaseous voltage-regulator 
tube. Voltages for zener diode action range from 
a few volts to several hundred and power ratings 
run from a fraction of a watt to 50 watts. 

Zener diodes can be connected in series to ad- 
vantage; the temperature coefficient is improved 
over that of a single diode of equivalent rating 
and the power-handling capability is increased. 

Two zener diodes connected in opposition, 
Fig. 4-5, form a simple and highly effective 
clipper. 


Voltage-Variable Capacitors. 


Voltage-variable capacitors are p-n junction 
diodes that behave as capacitors of reasonable Q 
(35 or more) up to 50 Me. and higher. They are 
useful in many applications because the actual 
capacitance value is dependent upon the d.¢. bias 
voltage that is applied. In a typical capacitor 
the capacitance can be varied over a 10-to-1l 
range with a bias change from 0 to —100 volts. 
The current demand on the bias supply is on the 
order of a few microamperes. : 

Typical applications include remote control 
of tuned circuits, automatic frequency control 
of receiver local oscillators, and simple frequency 
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Fig. 4-5—Full-wave clipping action with two zener diodes 

in opposition. The output level would be at a peak-to-peak 

voltage of twice the zener rating of a single diode. Ri 

should have a resistance value sufficient to limit the current 
to the zener diode rating. 


modulators for communications and for sweep- 
tuning applications. 


Tunnel Diode 


Much hepe is held for the future use of the 
“tunnel diode,” a junction semiconductor of 
special construction that has a “negative re- 
sistance” characteristic at low voltages. This 
characteristic (decrease of current with increase 
of voltage) permits the diode to be used as an 


oscillator and as an amplifier. Since electrical 


charges move through the diode with the speed 
of light, in contrast to the relatively slow motion 
of electrical charge carriers in other semi- 
conductors, it has been possible to obtain oscil- 
lations at 2000 Me. and higher. 


Transistors 


‘¢ 


Fig. 4-6 shows a ‘‘sandwich”’ made from two 
layers of p-type semiconductor material with 
a thin layer of n-type between. There are in 
effect two p-n junction diodes back to back. If a 
positive bias is applied to the p-type material at 
the left, current will flow through the left- 
hand junction, the holes moving to the right 
and the electrons from the n-type material 
moving to the left. Some of the holes moving 
into the n-type material will combine with the 
electrons there and be neutralized, but some of 
them also will travel to the region of the right- 
hand junction. 

If the p-n combination at the right is biased 
negatively, as shown, there would normally be 
no current flow in this circuit (see Fig. 4-1C). 
However, there are now additional holes avail- 
able at the junction to travel to point B and 
electrons can travel toward point A, so a current 
can flow even though this section of the sandwich 
considered alone is biased to prevent conduction. 


COLLECTOR 
—— 


Fig. 4-6—The basic arrangement of a transistor. This 
represents a junction-type p-n-p unit. 


Most of the current is between A and B and does 
not flow out through the common connection to 
the n-type material in the sandwich. 

A semiconductor combination of this type is 
called a transistor, and the three sections are 
known as the emitter, basé and collector, re- 
spectively. The amplitude of the collector cur- 
rent depends principally upon the amplitude of 
the emitter current; that is, the collector current 
is controlled by the emitter current. 


Power Amplification 


Because the collector is biased in the back 
direction the collector-to-base resistance is high. 
On the other hand, the emitter and collector 
currents are substantially equal, so the power 
in the collector circuit is larger than the power 
in the emitter circuit (P = /? R, so the powers 
are proportional to the respective resistances, if 
the currents are the same). In practical transistors 
emitter resistance is of the order of a few hundred 
ohms while the collector resistance is hundreds 
or thousands of times higher, so power gains of 
20 to 40 db. or even more are possible. 


Types 
The transistor may be one of the several types 
shown in Fig. 4-7. The assembly of p- and n-type 
materials may be reversed, so that p-n-p and 
n-p-n transistors are both possible. 
Point-Contact Transistors 
The point-contact transistor, shown at the 
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left in Fig. 4-7, has two “cat whiskers” placed 
very close together on the surface of a germanium 
water. It is principally of historical mterest and 
is now superseded by the junction type. It is 
difficult to manufacture, since the two contact 
points must be extremely close together if good 
high-frequency characteristics are to be secured. 


Junction Transistors 


The junction transistor, shown at the center 
in Fig. 4-7, has higher capacitances and higher 
power-handling capacity than the point-contact 
type. The ‘‘electrode”’ areas and thickness of the 
intermediate layer have an important effect on 
the upper frequency limit. Ordinary junction 
transistors may have cut-off frequencies (see 
next section) up to 50 Me. or so. The types used 
for audio and low-radio frequencies usually have 
cut-off frequencies ranging from 500 to 1000 ke. 

The upper frequency limit is extended con- 
siderably in the drift transistor. This type has a 
particular form of distribution of impurities in 
the base material resulting in the creation of an 
internal electric field that accelerates the carriers 
across the junction. Typical drift transistors have 
cut-off frequencies of the order of 100 Me. 

Another type of transistor useful in high- 
frequency work is the surface barrier transistor, 
using plated emitter and collector electrodes on 
a wafer of n-type material, as shown at the right 
in Fig. 4-7. Surface-barrier transistors will op- 
erate as amplifiers and oscillators at frequencies 
of 250 Me. or higher. 


& TRANSISTOR CHARACTERISTICS 


An important characteristic of a transistor is 
its current amplification factor, usually desig- 
nated by the symbol a. This is the ratio of the 
change in collector current to a small change in 
emitter current, measured in the common-base 
circuit described later, and is comparable with the 
voltage amplification factor («) of a vacuum tube. 
The current amplification factor is almost, but 
not quite, 1 in a junction transistor. It is larger 
than 1 in the point-contact type, values in the 
neighborhood of 2 being typical. 

The a cut-off frequency is the frequency at 
which the current amplification drops 3 db. below 
its low-frequency value. Cut-off frequencies range 
from 500 ke. to frequencies in the v.hf. 
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Fig. 4-7 —Point-contact, 
junction-type and _ sur- 
face-barrier types of 
transistors with their 
circuit symbols. The plus 
and minus signs asso- 
ciated with the symbols 
indicate polarities of . 
voltages, with respect 
to the base, to be ap- 
plied to the elements. 
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Connection 


SURFACE BARRIER TYPE 


Basé 
SYMBOL 


region. The cut-off frequency indicates in a 
general way the frequency spread over which the 
transistor is useful. 

Each of the three elements in the transistor 
has a resistance associated with it. The emitter 
and collector resistances were discussed earlier. ~ 
There is also a certain amount of resistance asso- 
ciated with the base, a value of a few hundred to 
1000 ohms being typical of the base resistance. 

The values of all three resistances vary with 
the type of transistor and the operating voltages. 
The collector resistance, in particular, is sensi- 
tive to operating conditions. 


Characteristic Curves 


The operating characteristics of transistors 
can be shown by a series of characteristic curves. 
One such set of curves is shown in Fig. 4-8. It 


COLLECTOR CURRENT-MA 
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Fig. 4-8—A typical collector-current vs. collector-voltage 
characteristic of a junction-type transistor, for various 
emitter-current values. The circuit shows the setup for 
taking such measurements. Since the emitter resistance is 
low, a current-limiting resistor, R, is connected in series 
with the source of current. The emitter current can be set at 
a desired value by adjustment of this resistance. 


shows the collector current vs. cotlector voltage 
for a number of fixed values of emitter current. 
Practically, the collector current depends almost 
entirely on the emitter current and is inde- 
pendent of the collector voltage. The separation 
between curves representing equal steps of emit- 
ter current is quite uniform, indicating that 
almost distortionless output can be obtained 
over the useful operating range of the transistor. 

Another type of curve is shown in Fig. 4-9, 
together with the circuit used for obtaining it. 
This also shows collector current vs. collector 
voltage, but for a number of different values of 
base current. In this case the emitter element is 
used as the common point in the circuit. The 
collector current is not independent of collector 
voltage with this type of connection, indicating 


Transistor Characteristics 


that the output resistance of the device is fairly 
low. The base current also is quite low, which 
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Fig. 4-9—Collector current vs. collector voltage for vari- 
ous values of base current, for a junction-type transistor. 
The values are determined by means of the circuit shown. 


means that the resistance of the base-emitter 
circuit is moderately high with this method of 
connection. This may be contrasted with the 
high values of emitter current shown in Fig. 4-8. 


Ratings 


The principal ratings applied to transistors are 
maximum collector dissipation, maximum col- 
lector voltage, maximum collector current, and 
maximum emitter current. The voltage and cur- 
rent ratings are self-explanatory. 

The collector dissipation is the power, usually 
expressed in milliwatts, that can safely be dissi- 
pated by the transistor as heat. With some types 
of transistors provision is made for transferring 
heat rapidly through the container, and such 
units usually require installation on a heat 
“sink,”’ or mounting that can absorb heat. 

The amount of undistorted output power that 
can be obtained depends on the collector voltage, 
the collector current being practically independ- 
ent of the voltage in a given transistor. Increasing 
the collector voltage extends the range of linear 
operation, but must not be carried beyond the 
point where either the voltage or dissipation 
ratings are exceeded. 


@ TRANSISTOR AMPLIFIERS 


Amplifier circuits used with transistors fall 
into one of three types, known as the grounded- 
base, grounded-emitter, and grounded-collector 
circuits. These are shown in Fig. 4-10 in elemen- 
tary form. The three circuits correspond approx- 
imately to the grounded-grid, grounded-cathode 
and cathode-follower circuits, respectively, used 
with vacuum tubes. 

The important transistor parameters in these 
circuits are the short-circuit current transfer 
ratio, the cut-off frequency, and the input and 
output impedances. The short-circuit current 
transfer ratio is the ratio of a small change in 
output current to the change in input current 
that causes it, the output circuit being short- 
circuited. The cut-off frequency is the frequency 
at which the amplification decreases by 3 db. 
from its value at some frequency well below that 
at which frequency effects begin to assume impor- 
tance. The input and output impedances are, 
respectively, the impedance which a signal source 
working into the transistor would see, and the 
internal output impedance of the transistor 


(corresponding to the plate resistance of a vac- 
uum tube, for example). 


Grounded-Base Circuit 


The input circuit of a grounded-base amplifier 
must be designed for low impedance. since the 
emitter-to-base resistance is of the order of 25/T. 
ohms, where J. is the emitter current in milli- 
amperes. The optimum output load impedance, 
Ri, may range from a few thousand ohms to 
100,000, depending upon the requirements. 

The current transfer ratio is a and the cut-off 
frequency is as defined previously. 

In this circuit the phase of the output (collec- 
tor) current is the same as that of the input 
(emitter) current. The parts of these currents 
that flow through the base resistance are like- 
wise in phase, so the circuit tends to be regenera- 
tive and will oscillate if the current amplification 
factor is greater than 1. A junction transistor is 
stable in this circuit since a@ is less than 1, but 
a point-contact transistor will oscillate. 


Grounded-Emitter Circuit 


The grounded-emitter circuit shown in Fig. 4-10 
corresponds to the ordinary grounded-cathode 
vacuum-tube amplifier. As indicated by the 
curves of Fig. 4-9, the base current is small and 
the input impedance is therefore fairly high — 
several thousand ohms in the average case. The 
collector resistance is some tens of thousands of 
ohms, depending on the signal source impedance. 
The current transfer ratio in the common-emitter 
circuit is equal to 

(e4 


l—ea 


Since a is close to 1 (0.98 or higher being repre- 
sentative), the short-circuit current gain in the 
grounded-emitter circuit may be 50 or more. 
The cut-off frequency is equal to the a cut-off 
frequency multiplied by (1 — a), and therefore 
is relatively low. (For example, a transistor with 
an a cut-off of 1000 ke. and a = 0.98 would 
have a cut-off frequency of 1000 X 0.02 = 20 
ke. in the grounded-emitter circuit.) 

Within its frequency limitations, the grounded- 
emitter circuit gives the highest power gain of the 
three. 

In this circuit the phase of the output (col- 
lector) current is opposite to that of the input 
(base) current so such feedback as occurs through 
the small emitter resistance is negative and the 
amplifier is stable with either junction or point- 
contact transistors. 


Grounded-Collector Circuit 


Like the vacuum-tube cathode follower, the 
grounded-collector transistor amplifier has high 
input impedance and low output impedance. The 
latter is approximately equal to the impedance of 
the signal input source multiplied by (1 — a). 
The input resistance depends on the load resist- 
ance, being approximately equal to the load 
resistance divided by (1 —a). The fact that 
input resistance is directly related to the load 


83 


4—SEMICONDUCTOR DEVICES 


resistance is a disadvantage of this type of am- 
plifier if the load is one. whose resistance or 
impedance varies with frequency. 

The current transfer ratio with this circuit 1s 


1 


hee 
and the cut-off frequency is the same as in the 
grounded-emitter circuit. The output and input 
currents are in phase, 


Practical Circuit Details 


The transistor is essentially a low-voltage 
device, so the use of a battery power supply 
rather than a rectified-a.c. supply is quite com- 
mon. Usually, it is more convenient to em- 
ploy a single battery as a power source in pref- 
erence to the two-battery arrangements shown in 
Fig. 4-10, so most circuits are designed for single- 
battery operation. Provision must be included, 
therefore, for obtaining proper biasing voltage 
for the emitter-base circuit from the battery that 
supplies the power in the collector circuit. 


SIGNAL 
INPUT 


Ley i 


COMMON BASE 


Fig. 4-10—Basic tran- 
sistor amplifier circuits. 
R,, the load resistance, 
may be an actual! re- 
sistor or the primary of 
a transformer. The input 
signal may be supplied 
from a transformer sec- 
ondary or by resistance- 
capacitance coupling. 
In any case it is to be 
understood that a d.c. 
path must exist be- 
tween the base and 
emitter. 

P-n-p transistors are 
shown in these circuits. 
if n-p-n types are used 
the battery polarities 
must be reversed. 
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Coupling arrangements for introducing the 
input signal into the circuit and for taking out 
the amplified signal are similar to those used with 
vacuum tubes. However, the actual component 
values will in general be quite different from 
those used with tubes. This is because the imped- 
ances associated with the input and output 
circuits of transistors may differ widely from the 
comparable impedances in tube circuits. Also, d.c. 
voltage drops in resistances may require more 
careful attention with transistors because of the 
much lower voltage available from the ordinary 
battery power source. Battery economy becomes 
an important factor in circuit design, both with 
respect to voltage required and to overall current 
drain. A bias voltage divider, for example, easily 
may use more power than the transistor with 
which it is associated. 

Typical single-battery grounded-emitter cir- 
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Fig. 4-1 1 —Practical grounded-emitter circuits using trans- 
former and resistance coupling. A combination of either 
also can be used—e.g., resistance-coupled input and 
transformer-coupled output. Tuned transformers may be 
used for r.f. and i.f. circuits. 

With small transistors used for low-level amplification 
the input impedance will be of the order of 1000 ohms 
and the input circuit should be designed for an imped- 
ance step-down, if necessary. This can be done by ap- 
propriate choice of turns ratio for Ti or, in the case of 
tuned circuits, by tapping the base down on the tuned 
secondary circuit. In the resistance-coupled circuit Re 
should be large compared with the input impedance, 
values of the order of 10,000 ohms being used. 

In low-level circuits Ri will be of the order of 1000 
ohms. R3 should be chosen to bias the transistor to the 
desired no-signal collector current; its value depends on 
Ri and Ro (see text). 


cuits are shown in Fig. 4-11. 21, in series with 
the emitter, is for the purpose of “swamping 
out”’ the resistance of the emitter-base diode; this 
swamping helps to stabilize the emitter current. 
The resistance of #, should be large compared 
with that of the emitter-base diode, which, as 
stated earlier, is approximately equal to 25 
divided by the emitter current in ma. 

Since the current in R, flows in such a direction 
as to bias the emitter negatively with respect to 
the base (a p-n-p transistor is assumed), a base- 
emitter bias slightly greater than the drop in R, 
must be supplied. The proper operating point is 
achieved through adjustment of voltage divider 
Rok3, the constants of which are chosen to give 
the desired value of collector current at the no- 
signal operating point. 

In the transformer-coupled circuit, input signal 
currents flow through 72; and Re, and there would 
be a loss of signal power at. the base-emitter diode 
if these resistors were not bypassed by C; and C9. 
The capacitors should have low reactance com- 
pared with the resistances across which they are 
connected. In the resistance-coupled circuit Re 
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has the dual function of acting as part of the bias 
voltage divider and as part of the load resistance 
for the signal-input source. Also, as seen by the 
signal source, #3 is in parallel with Ry and thus 
becomes part of the input load resistance. Cs 
must therefore have low reactance compared with 
the net resistance of the parallel combination of 
Ro, R3 and the base-to-emitter resistance of the 
transistor, The reactance of C4 will depend on 
the impedance of the load into which the circuit 
delivers output. 
The output load resistance in the transformer- 
coupled case will be the actual load as reflected 
at the primary of the transformer, and its proper 
value will be determined by the transistor char- 
acteristics and the type of operation (Class A, B, 
etc.). The value of Ax in the resistance-coupled 
case is usually such as to permit the maximum 
a.c. voltage swing in the collector circuit without 
undue distortion, since’ Class A operation is 
usual with this type of amplifier. 


Bias Stabilization 


Transistor currents are rather sensitive to tem- 
perature variations, and so the operating point 
tends to shift as the transistor heats. The shift in 
operating point unfortunately is in such a direc- 
tion as to increase the heating, leading to ‘‘ther- 
mal runaway” and possible destruction of the 
transistor. The heat developed depends on the 
amount of power dissipated in the transistor, so 
it is obviously advantageous in this respect to 
operate with as little internal dissipation as 
possible: i.e., the d.c. input should be kept to 
the lowest value that will permit the type of 
operation desired, and in any event should never 
exceed the rated value for the particular transistor 
used. 

A contributing factor to the shift in operating 
point is the collector-to-base leakage current 
(usually designated J..) — that is, the current 
that flows from collector to base with the emitter 
connection open. This current, which is highly 
temperature sensitive, has the effect of increas- 
ing the emitter current by an amount much 
larger than J,. itself, thus shifting the operating 
point in such a way as to increase the collector 
current. This effect is reduced to the extent that 
Io can be made to flow out of the base terminal 
rather than through the base-emitter diode. In 
the circuits of Fig. 4-11, bias stabilization is 
improved by making the resistance of R as large 
as possible and both R2 and R3 as small as possi- 
ble, consistent with other considerations such as 
gain and battery economy. 


@ TRANSISTOR OSCILLATORS 


Since more power is available from the output 
circuit than is necessary for its generation in the 
input circuit, it is possible to use some of the 
output power to supply the input circuit and 
thus sustain self-oscillation. Representative oscil- 
lator circuits are shown in Fig. 4-12. Their resem- 
blance to the similarly-named vacuum-tube 
circuits is evident, 


HARTLEY 


COEPIT TS 


Fig. 4-12—Typical transistor oscillator circuits. 
ponent values are discussed in the text. 


Com- 


The upper frequency limit for oscillation is 
principally a function of the cut-off frequency 
of the transistor used, and oscillation will cease 
at the frequency at which there is insufficient 
amplification to supply the energy required to 
overcome circuit losses. Transistor oscillators 
usually will operate up to, and sometimes well 
beyond, the a cut-off frequency of the particular 
transistor used. 

The approximate oscillation frequency is that 
of the tuned circuit, Z)C;. R;, Ro and R3 have the 
same functions as in the amplifier circuits given 
in Fig. 4-11. Capacitors C2 and C3 are bypass or 
blocking capacitors and should have low react- 
ance compared with the resistances with which 
they are associated. 

Feedback in these circuits is adjusted in the 
same way as with tube oscillators. In the Hartley 
circuit it is dependent on the position of the tap 
on the tank coil; in the tickler circuit, on the 
number of turns in Le and degree of coupling 
between ZL; and Lg; and in the Colpitts circuit, 
on the ratio of the tank capacitance between 
base and emitter to the tank capacitance between 
collector and emitter. 
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CHAPTER 5 


High-Frequency 


Receivers 


A good receiver in the amateur station makes 
the difference between mediocre contacts and 
solid QSOs, and its importance cannot be over- 
emphasized. In the less crowded v.h.f. bands, 
sensitivity (the ability to bring in weak signals) 
is the most important factor in a receiver. In the 
more crowded amateur bands, good sensi- 
tivity must be combined with selectivity (the 
ability to distinguish between signals separated 
by only a small frequency difference). To receive 
weak signals, the receiver must furnish enough 
amplification to amplify the minute signal power 
delivered by the antenna up to a useful amount of 
power that will operate a loudspeaker or set 
of headphones. Before the amplified signal can 
operate the speaker or phones, it must be con- 
verted to audio-frequency power by the process of 
detection. The sequence of amplification is not 
too important — some of the amplification can 
take place (and usually does) before detection, 
and some can be used after detection. 

There are major differences between receivers 
for phone reception and for code reception. An 
a.m. phone signal has sidebands that make the 
signal take up about 6 or 8 ke. in the band, and 
the audio quality of the received signal is im- 
paired if the bandwidth is less than half of this. 
A code signal occupies only a few hundred cycles 
at the most, and consequently the bandwidth of 
a code receiver can be small. A single-sideband 
phone signal takes up 3 to 4 ke., and the audio 
quality can be impaired if the bandwidth is much 
less than 3 ke. although the intelligibility will 
hold up down to around 2 ke. In any case, if the 
bandwidth of the receiver is more than nec- 


essary, signals adjacent to the desired one can be 
heard, and the selectivity of the receiver is less 
than maximum. The detection process delivers 
directly the audio frequencies present as modula- 
tion on an a.m. phone signal. There is no modula-. 
tion on a code signal, and it is necessary to intro- 
duce a second radio frequency, differing from the 
signal frequency by a suitable audio frequency, 
into the detector circuit to produce an audible 
beat. The frequency difference, and hence the 
beat note, is generally made on the order of 500 
to 1000 cycles, since these tones are within the 
range of optimum response of both the ear and 
the headset. There is no carrier frequency present 
in an s.s.b. signal, and this frequency must be fur- 
nished at the receiver before the audio can be 
recovered. The same source that is used in code 
reception can be utilized for the purpose. If the 
source of the locally generated radio frequency is 
a separate oscillator, the system is known as 
heterodyne reception; if the detector is made to 
oscillate and produce the frequency, it is known 
as an autodyne detector. Modern superhetero- 
dyne receivers generally use a separate oscillator 
(beat oscillator) to supply the locally generated 
frequency. Summing up the differences, phone 
receivers can’t use as much selectivity as code 
receivers, and code and s.s.b. receivers require 
some kind of locally generated frequency to give 
a readable signal. Broadcast receivers can receive 
only a.m. phone signals because no beat oscillator 
is included. Communications receivers include 
beat oscillators and often some means for varying 
the selectivity. With high selectivity they often 
have a slow tuning rate. 


Receiver Characteristics 


Sensitivity 

In commercial circles “‘sensitivity”’ is defined as 
the strength of the signal (in microvolts) at the 
input of the receiver that is required to produce 
a specified audio power output at the speaker or 
headphones. This is a satisfactory definition for 
broadcast and communications receivers operat- 
ing below about 20 Mce., where atmospheric 
and man-made electrical noises normally mask 
any noise generated by the receiver itself. 

Another commercial measure of sensitivity 
defines it as the signal at the input of the re- 
ceiver required to give a signal-plus-noise output 
some stated ratio (generally 10 db.) above the 
noise output of the receiver. This is a more useful 
sensitivity measure for the amateur, since it 
indicates how well a weak signal will be heard and 
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is not merely a measure of the over-all amplifica- 
tion of the receiver. However, it is not an absolute 
method, because the bandwidth of the receiver 
plays a large part in the result. 

The random motion of the molecules in the 
antenna and receiver circuits generates small 
voltages called thermal-agitation noise voltages. 
Thermal-agitation noise is independent of fre- 
quency and is proportional to the (absolute) 
temperature, the resistance component of the 
impedance across which the thermal agitation is 
produced, and the bandwidth. Noise is generated 
in vacuum tubes by random irregularities in the 
current flow within them; it is convenient to ex- 
press this shot-effect noise as an equivalent re- 
sistance in the grid circuit of a noise-free tube. 
This equivalent noise resistance is the resistance 


Detection 


(at room temperature) that placed in the grid 
circuit of a noise-free tube will produce plate- 
circuit noise equal to that of the actual tube. The 
equivalent noise resistance of a vacuum tube in- 
creases with frequency. 

An ideal receiver would generate no noise in its 
tubes and circuits, and the minimum detectable 
signal would be limited only by the thermal noise 
in the antenna. In a practical receiver, the limit 
is determined by how well the amplified antenna 
noise overrides the other noise in the plate circuit 
of the input stage. (It is assumed that the first 
stage in any good receiver will be the determining 
factor; the noise contributions of subsequent 
stages should be insignificant by comparison.) At 
frequencies below 20 or 30 Mc. the site noise 
(atmospheric and man-made noise) is generally 
the limiting factor. 

The degree to which a practical receiver ap- 
proaches the quiet ideal receiver of the same 
bandwidth is given by the noise figure of the 
receiver. Noise figure is defined as the ratio of the 
signal-to-noise power ratio of the ideal receiver to 
the signal-to-noise power ratio of the actual re- 
ceiver output. Since the noise figure is a ratio, it is 
usually given in decibels; it runs around 5 to 10 
db. for a good communications receiver below 30 
Me. Although noise figures of 2 to 4 db. can be 
obtained, they are of little or no use below 30 Me. 
except in extremely quiet locations or when a very 
small antenna is used. The noise figure of a re- 
ceiver is not modified by changes in bandwidth. 


Selectivity 


Selectivity is the ability of a receiver to 
discriminate against signals of frequencies 
differing from that of the desired signal. The 
over-all selectivity will depend upon the se- 
lectivity of the individual tuned circuits and 
the number of such circuits. 

The selectivity of a receiver is shown graph- 
ically by drawing a curve that gives the ratio 
of signal strength required at various frequen- 
cies off resonance to the signal strength at 
resonance, to give constant output. A reso- 
nance curve of this type is shown in Fig. 5-1. 
The bandwidth is the width of the resonance 
curve (in cycles or kilocycles) of a receiver at a 
specified ratio; in Fig. 5-1, the bandwidths are 
indicated for ratios of response of 2 and 10 (‘‘6 
db. down” and ‘‘20 db. down’’). 
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Fig. 5-1—Typical selectivity curve of a modern super- 
heterodyne receiver. Relative response is plotted against 
deviations above and below the resonance frequency. 
The scale at the left is in terms of voltage ratios, the cor- 
responding decibel steps are shown at the right. 


The bandwidth at 6 db. down must be sufficient 
to pass the signal and its sidebands if faithful 
reproduction of the signal is desired. However, in 
the crowded amateur bands, it is generally advisa- 
ble to sacrifice fidelity for intelligibility. The 
ability to reject adjacent-channel signals depends 
upon the skirt selectivity of the receiver, which is 
determined by the bandwidth at high attenua- 
tion. In a receiver with good skirt selectivity, the 
ratio of the 6-db. bandwidth to the 60-db. band- 
width will be about 0.25 for code and 0.5 for 
phone. The minimum usable bandwidth at 6 db. 
down is about 150 cycles for code reception and 
about 2000 cycles for phone. 


Stability 


The stability of a receiver is its ability to 
“stay put” on a signal under varying conditions 
of gain-control setting, temperature, supply- 
voltage changes and mechanical shock and dis- 
tortion. The term “unstable” is also applied to a 
receiver that breaks into oscillation or a regenera- 
tive condition with some settings of its controls 
that are not specifically intended to control such 
a condition. 


Detection and Detectors 


Detection is the process of recovering the 
modulation from a signal (see “Modulation, 
Heterodyning and Beats”). Any device that is 
‘nonlinear’ (i.e.. whose output is not exactly 
proportional to its input) will act as a detector. 
It can be used as a detector if an impedance 
for the desired modulation frequency is con- 
nected in the output circuit. 

Detector sensitivity is the ratio of desired 
detector output to the input. Detector linear- 
ity is a measure of the ability of the detector to 


reproduce the exact form of the modulation 
on the incoming signal. The resistance or im- 
pedance of the detector is the resistance or 
impedance it presents to the circuits it is con- 
nected to. The input resistance is important 
in receiver design, since if it is relatively low it 
means that the detector will consume power, 
and this power must be furnished by the pre- 
ceding stage. The signal-handling capability 
means the ability to accept signals of a specified 
amplitude without overloading or distortion. 
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Diode Detectors 


The simplest detector for a.m. is the diode. A 
galena, silicon or germanium crystal is an 
imperfect form of diode (a small current can 
pass in the reverse direction), and the principle 
of detection in a crystal is similar to that in a 
vacuum-tube diode. 

Circuits for both half-wave and _ full-wave 
diodes are given in Fig. 5-2. The simplified 
half-wave circuit at 5-2A includes the r.f. 
tuned circuit, L2C\, a coupling coil, LZ, from 
which the r.f. energy is fed to LeC;, and the 
diode, D, with its load resistance, /2;, and by- 
pass capacitor, Co. The flow of rectified r-f. 
current causes a d.c. voltage to develop across 
the terminals of R,. The — and + signs show 
the polarity of the voltage. The variation in 
amplitude of the r.f. signal with modulation 
causes corresponding variations in the value of 
the d.c. voltage across R,. In audio work the 
load resistor, fj, is Ea 0.1 ae or 


“A F OUTPUT 


Ly 
RF INPUT 3 


O O 
A F OUTPUT 


Ly 


RF INPUT 


C) © 
Aen OUMEU 
Fig. 5-2—Simplified and practical diode detector circuits. 
A, the elementary half-wave diode detector; B, a practical 
circuit, with r.f. filtering and audio output coupling; C, full- 
wave diode detector, with output coupling indicated. The 
circuit, L2Ci, is tined to the signal frequency; typical values 
for Co and Ri in A and C are 250 puf. and 250,000 ohms, 
respectively; in B, C2 and Cz are 100 wyuf. each; Ri, 50,000 
ohms; and Re, 250,000 ohms. C4 is 0.1 uf. and R3 may be 
0.5 to 1 megohm. 
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higher, so that a fairly large voltage will develop 
from a small rectified-current flow. 

The progress of the signal through the de- 
tector or rectifier is shown in Fig. 5-3. A typi- 
cal modulated signal as it exists in the tuned 
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Fig. 5-3—Diagrams showing the detection process. 


circuit is shown at A. When this signal is ap- 
plied to the rectifier tube, current will flow 
only during the part of the r.f. cycle when 
the plate is positive with respect to the cath- 
ode, so that the output of the rectifier consists 
of half-cycles of r.f. These current pulses flow 
in the load circuit comprised of R, and Co, the 
resistance of ; and the capacity of Ceo being so 


‘proportioned that C2 charges to the peak value 


of the rectified voltage on each pulse and re- 
tains enough charge between pulses so that the 
voltage across /?; is smoothed out, as shown in 
C. Ce thus acts as a filter for the radio-fre- 
quency component of the output of the recti- 
fier, leaving a d.c. component that varies in 
the same way as the modulation on the original 
signal. When this varying d.c. voltage is ap- 
‘plied to a following amplifier through a cou- 
pling capacitor (C4 in Fig. 5-2), only the varta- 
tions in voltage are transferred, so that the final 
output signal is a.c., as shown in D. 

In the circuit at 5-2B, R; and Cy have been 
divided for the purpose of providing a more 
effective filter for r.f. It is important to prevent 
the appearance of any r.f. voltage in the output 
of the detector, because it may cause overload- 
ing of a succeeding amplifier tube. The audio- 
frequency variations can be transferred to 
another circuit through a coupling capacitor, 
C4, to a load resistor, 3, which usually is a 
“potentiometer” so that the audio volume can 
be adjusted to a desired level. 

Coupling to the potentiometer (volume con- 
trol) through a capacitor also avoids any flow 
of d.c. through the control. The flow of d.c. 
through a high-resistance volume contro! often 
tends to make the control noisy (scratchy) after 
a short while. 

The full-wave diode circuit at 5-2C differs 


Detectors 


in operation from the half-wave circuit only in 
that both halves of the r.f. cycle are utilized. 
The full-wave circuit has the advantage that 
r.f. filtering is easier than in the half-wave circuit. 
As a result, less attenuation of the higher audio 
frequencies will be obtained for any given degree 
of r.f. filtering. 

The reactance of C2 must be small compared 
to the resistance of R; at the radio frequency 
being rectified, but at audio frequencies must 
be relatively large compared to /1. If the capacity 
of C2 is too large, response at the higher audio 
frequencies will be lowered. 

Compared with other detectors, the sensitiv- 
ity of the diode is low, normally running around 
0.8 in audio work. Since the diode consumes 
power, the Q of the tuned circuit is reduced, 
bringing about a reduction in selectivity. The 
loading effect of the diode is close to one-half the 
load resistance. The detector linearity is good, 
and the signal-handling capability is high. 


Plate Detectors 


The plate detector is arranged so that recti- 
fication of the r.f. signal takes place in the plate 
circuit of the tube. Sufficient negative bias is ap- 
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Fig. 5-4—Circuits for plate detection. A, triode; B, pen- 
tode. The input circuit, L2Ci, is tuned to the signal frequency. 
Typical values for the other components are: 


Com- 


ponent Circuit A Circuit B 


Co 0.5 uf. or larger. 0.5 uf. or larger. 

Cs 0.001 to 0.002 uf. 250 to 500 upf. 

Gre Ost. 0.1 uf. 

C5 0.5 uf. or larger. 

R; 25,000 to 150,000 ohms. 10,000 to 20,000 ohms. 


Rez 50,000 to 100,000 ohms. 100,000 to 250,000 ohms. 


R3 50,000 ohms. 
R4 20,000 ohms. 
RFC 2.5 mh 2:5:mnhs 


Plate voltages from 100 to 250 volts may be used. Effec- 
tive screen voltage in B should be about 30 volts. 


plied to the grid to bring the plate current nearly 
to the cut-off point, so that application of a 
signal to the grid circuit causes an increase in 
average plate current. The average plate current 
follows the changes in signal in a fashion similar 
to the rectified current in a diode detector. 

Circuits for triodes and pentodes are given 
in Fig. 5-4. C3 is the plate bypass capacitor, 
and, with RFC, prevents r.f. from appear- 
ing in the output. The cathode resistor, 21, pro- 
vides the operating grid bias, and C2 is a bypass 
for both radio and audio frequencies. Re is the 
plate load resistance and Cis the output coupling 
capacitor. In the pentode circuit at B, R3 and 
ft, form a voltage divider to supply the proper 
screen potential (about 30 volts), and Cs is a 
bypass capacitor. Ce and Cs must have low 
reactance for both radio and audio frequencies. 

In general, transformer coupling from the 
plate circuit of a plate detector is not satisfac- 
tory, because the plate impedance of any tube 
is very high when the bias is near the plate- 
current cut-off point. Impedance coupling may 
be used in place of the resistance coupling shown 
in Fig. 5-4. Usually 100 henrys or more inductance 
is required. 

The plate detector is more sensitive than 
the diode because there is some amplifying action 
in the tube. It will handle large signals, but is not 
so tolerant in this respect as the diode. Linearity, 
with the self-biased circuits shown, is good. Up 
to the overload point the detector takes no power 
from the tuned circuit, and so does not affect 
its Q and selectivity. 


Infinite-Impedance Detector 


The circuit of Fig. 5-5 combines the high 
signal-handling capabilities of the diode detector 
with low distortion and, like the plate detector, 
does not load the tuned circuit it connects to. 
The circuit resembles that of the plate detector, 
except that the load resistance, R), is connected 
between cathode and ground and thus is common 
to both grid and plate circuits, giving negative 
feedback for the audio frequencies. The cath- 
ode resistor is bypassed for r.f. but not for 
audio, while the plate circuit is bypassed to 
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Fig. 5-5—The infinite-impedance detector. The input cir- 


cuit, LoCi, is tuned to the signal frequency. Typical values 
for the other components are: 


Co—250 upf. Ri —0.15 megohm. 
C3—0.5 uf. R2—25,000 ohms. 
C4—0.1 pf. R3—0.25-megohm volume control. 


A tube having a medium amplification factor (about 20) 
should be used. Plate voltage should be 250 volts. 
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(B) BFO. 


ground for both audio and radio frequencies. 
An r.f. filter can be connected between the 
cathode and Cy, to eliminate any r.f. that might 
otherwise appear in the output. 

The plate current is very low at no signal, 
increasing with signal as in the case of the plate 
detector. The voltage drop across 2; consequently 
increases with signal. Because of this and the 
large initial drop across f,, the grid usually 
cannot be driven positive by the signal, and no 
grid current can be drawn. 


Product Detector 


The product detector circuits of Fig. 5-6 are 
useful in s.s.b. and code reception because they 
minimize intermodulation at the detector. In 
Fig. 5-6A, two triodes are used as cathode fol- 
lowers, for the signal and for the b.f.o., working 
into a common cathode resistor (1000 ohms). The 
third triode also shares this cathode resistor and 
consequently the same signals, but it has an 
audio load in its plate circuit and it operates at 
a higher grid bias (by virtue of the 2700-ohm 
resistor in its cathode circuit). The signals and 
the b.f.o. mix in this third triode. If the b.f.o. 
is turned off, a modulated signal running through 
the signal cathode follower should yield little or 
no audio output from the detector, up to the 
overload point of the signal cathode follower. 
Turning on the b.f.o. brings in modulation, be- 
cause now the detector output is the product of 
the two signals. The plates of the cathode fol- 
lowers are grounded and filtered for the 1.f.. and 
the 4700-yuf. capacitor from plate to ground in 
the output triode furnishes a bypass at the i.f. 
The b.f.o. voltage should be about 2 r.m.s., and 
the signal should not exceed about 0.3 volts 
PAu6. 

The circuit in Fig. 5-6B is a simplification re- 
quiring one less triode. Its principle of operation 
is substantially the same except that the addi- 
tional bias for the output tube is derived from 
rectified b.f.o. voltage across the 100,000-ohm 
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Fig. 5-6—Two versions of the 
“product detector’ circuit. In 
the circuit at A separate tubes 
are used for the signal circuit 
cathode follower, the b.f.o. 
cathode follower and the mixer 
tube. In B the mixer and b.f.o. 
follower are combined in one 
tube, and a low-pass filter is 
used in the output. 


+250 


resistor. More elaborate r.f. filtering is shown in 
the plate of the output tube (2-mh. choke and 
the 220-uuf. capacitors), and the degree of plate 
filtering in either circuit will depend upon the 
frequencies involved. At low intermediate fre- 
quencies, more elaborate filtering is required. 


@ REGENERATIVE DETECTORS 


By providing controllable r.f. feedback (re- 
generation) in a triode or pentode detector 
circuit, the incoming signal can be amplified 
many times, thereby greatly increasing the 
sensitivity of the detector. Regeneration also 
increases the effective Q of the circuit and thus 
the selectivity. The grid-leak type of detector is 
most suitable for the purpose. 

The grid-leak detector is a combination diode 
rectifier and audio-frequency amplifier. In the 
circuit of Fig. 5-7A, the grid corresponds to the 
diode plate and the rectifying action is exactly 
the same as in a diode. The d.c. voltage from 
rectified-current flow through the grid leak, 
Ri, biases the grid negatively, and the audio- 
frequency variations in voltage across f; are 
amplified through the tube as in a normal a.f. 
amplifier. In the plate circuit, Re is the plate load 
resistance and C3 and RFC a filter to eliminate r.f. 
in the output circuit. 

A grid-leak detector has considerably greater 
sensitivity than a diode. The sensitivity is further 
increased by using a screen-grid tube instead of a 
triode. The operation is equivalent to that of the 
triode circuit. The screen bypass capacitor 
should have low reactance for both radio and 
audio frequencies. 

The circuit in Fig. 5-7B is regenerative, the 
feedback being obtained by feeding some signal 
from the plate circuit back to the grid by induc- 
tive coupling. The amount of regeneration must 
be controllable, because maximum regenerative 
amplification is secured at the critical point where 
the circuit is just about to oscillate. The critical 
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Regenerative Detectors 


RFC 


point in turn depends upon circuit conditions, 
which may vary with the frequency to which the 
detector is tuned. An oscillating detector can be 
detuned slightly from an incoming c.w. signal to 
give autodyne reception. 

The circuit of Fig. 5-7B uses a variable by- 
pass capacitor, Cs, in the plate circuit to control 
regeneration. When the capacitance is small the 
tube does not regenerate, but as it increases 
toward maximum its reactance becomes smaller 
until there is sufficient feedback to cause 
oscillation. If Le and Ls are wound end-to-end in 
the same direction, the plate connection is to the 
outside of the plate or “tickler’ coil, Ls, 
when the grid connection is to the outside end of 
Lx. 

Although the regenerative grid-leak detector is 
more sensitive than any other type, its many 
disadvantages commend it for use only in the 
simplest receivers. The linearity is rather poor, 
and the signal-handling capability is limited. 
The signal-handling capability can be improved 
by reducing f; to 0.1 megohm, but the sensitivity 
will be decreased. The degree of antenna coupling 
is often critical. 


Tuning 


For c.w. reception, the regeneration control 
is advanced until the detector breaks into a 
“hiss,” which indicates that the detector is 
oscillating. Further advancing the regenera- 
tion control will result in a slight decrease in 
the hiss. 

The proper adjustment of the regeneration 
control for best reception of code signals is 
where the detector just starts to oscillate. Then 
code signals can be tuned in and will give a tone 
with each signal depending on the setting of the 
tuning control. As the receiver is tuned through 
a signal the tone first will be heard as a very 
high pitch, then will go down through “zero 
beat”? and rise again on the other side, finally 
disappearing at a very high pitch. This behavior 
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Fig. 5-7—(A) Triode grid-leak detector combines diode 
detection with triode amplification. Although shown here 
with resistive plate load, Re, an audio choke coil or 
transformer could be used. 

(B) Feeding some signal from the plate circuit back to 
the grid makes the circuit regenerative. When feedback 
is sufficient, the circuit will oscillate. Feedback is controlled 
here by varying reactance at Cs; with fixed capacitor at 
that point regeneration could be controlled by varying 
plate voltage or coupling between L2 and L3. 


is shown in Fig. 5-8. A low-pitched beat-note 
cannot be obtained from a strong signal be- 
cause the detector ‘‘pulls in’? or ‘‘blocks”’; 
that is, the signal forces the detector to 
oscillate at the signal frequency, even though 
the circuit may not be tuned exactly to the 
signal. It usually can be corrected by ad- 
vancing the regeneration control until the 
beat-note is heard again, or by reducing the 
input signal. 

The point just after the detector starts 
oscillating is the most sensitive condition for 
code reception. Further advancing the regenera- 
tion control makes the receiver less prone to block- 
ing, but also less sensitive to weak signals. 

If the detector is in the oscillating condi- 
tion and a phone signal is tuned in, a steady 
audible beat-note will result. While it is possible 
to listen to phone if the receiver can be tuned to 
exact zero beat, it is more satisfactory to reduce 
the regeneration to the point just before the 
receiver goes into oscillation. This is also the 
most sensitive operating point. 

Single-sideband phone signals can be received 
with a regenerative detector by advancing the 
regeneration control to the point used for code 
reception and tuning carefully across the s.s.b. 
signal. The tuning will be very critical, however, 
and the operator must be prepared to just ‘“‘creep”’ 
across the signal. A strong signal will pull the 
detector and make reception impossible, so either 
the regeneration must be advanced far enough 
to prevent this condition, or the signal must 
be reduced by using loose antenna coupling. 
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Fig. 5-8—As the tuning dial of a receiver is turned past 
a code signal, the beat-note varies from a high tone down 
through “zero beat” (no audible frequency difference) 
and back up to a high tone, as shown at A, B and C. The 
curve is a graphical representation of the action. The beat 
exists past 8000 or 10,000 cycles but usually is not heard 
because of the limitations of the audio system. 
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5 — HIGH-FREQUENCY RECEIVERS 
Tuning and Band-Changing Methods 


Band-Changing 


The same coil and tuning capacitor cannot be 
used for, say, 14 Mc. to 3.5 Mc., because of the 
impracticable maximum-to-minimum capacity ra- 
tio required, and also because the tuning would be 
excessively critical with such a large frequency 
range. It is necessary, therefore, to provide a 
means for changing the circuit constants for vari- 
ous frequency bands. As a matter of convenience 
the same tuning capacitor usually is retained, but 
new coils are inserted in the circuit for each band. 

One method of changing inductances is to use 
a switch having an appropriate number of con- 
tacts, which connects the desired coil and discon- 
nects the others. The unused coils are sometimes 
short-circuited by the switch, to avoid the possi- 
bility of undesirable self-resonances in the un- 
used coils. This is not necessary if the coils are 
separated from each other by several coil diame- 
ters, or are mounted at right angles to each other. 

Another method is to use coils wound on 
forms with contacts (usually pins) that can 
be plugged in and removed from a socket. These 
plug-in coils are advantageous when space in a 
multiband receiver is at a premium. They are also 
very useful when considerable experimental work 
is involved, because they are easier to work on 
than coils clustered around a switch. 


Bandspreading 


The tuning range of a given coil and variable 
capacitor will: depend upon the inductance of 
the coil and the change in tuning capacity. For 
ease of tuning, it is desirable to adjust the tun- 
ing range so that practically the whole dial 
scale is occupied by the band in use. This is 
called bandspreading. Because of the varying 
widths of the bands, special tuning methods 
must be devised to give the correct maximum- 
minimum capacity ratio on each band. Several 
of these methods are shown in Fig. 5-9. 


. 


(B) 


Fig. 5-9—Essentials of 
the three basic band- 
C; spread tuning systems. 


Gk 

In A, a small bandspread capacitor, C, (15- 
to 25-uyf. maximum capacity), is used in par- 
allel with a capacitor, Ce, which is usually large 
enough (100 to 140 wuf.) to cover a 2-to-l 
frequency range. The setting of C2 will de- 
termine the minimum capacitance of the circuit, 
and the maximum capacity for bandspread 


tuning will be the maximum capacity of Cy 
plus the setting of Cy. The inductance of the 
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coil can be adjusted so that the maximum- 
minimum ratio will give adequate bandspread. 
It is almost impossible, because of the non- 
harmonic relation of the various band limits, to 
get full bandspread on all bands with the same 
pair of capacitors. Co is variously called the 
band-setting or main-tuning capacitor. It must 
be reset each time the band is changed. 

If the capacitance change of a tuning capacitor 
is known, the approximate total fixed shunt 
capacitance (Fig. 5-9A) for covering an amateur 
band is given by 
Sue PF 

OF 
where C, = capacitance change 
Cy = total shunt capacitance 
F = low-frequency limit of band 
f = width of band 


Example: What fixed shunt capacitance will allow a capa- 
citor with a range of 5 to 15 uuf. to tune 6.95 to 7.385 Me.? 
(15 —5) X7 70 

C2 —— = = = 

2X (7.385 — 6.95) .8 

The 5-uyf. minimum of the tuning capacitor, the tube 

capacitance and any stray capacitance must be included 
in the 88 wu. 


2 


The method shown at B makes use of capaci- 
tors in series. The tuning capacitor, C), may have 
a maximum capacitance of 100 uwuf. or more. The 
minimum capacitance is determined principally 
by the setting of C3, which usually has low capaci- 
tance, and the maximum capacitance by the set- 
ting of Co, which is of the order of 25 to 50 wuf. 
This method is capable of close adjustment to 
practically any desired degree of bandspread. Hither 
C2 and C3 must be adjusted for each band or sepa- 
rate preadjusted capacitors must be switched in. 

The circuit at C also gives complete spread 
on each band. Cj, the bandspread capacitor, 
may have any convenient value; 50 uwuf. is satis- 
factory. Co may be used for continuous frequency 
coverage (‘general coverage’’) and as a band- 
setting capacitor. The effective maximum-mini- 
mum capacitance ratio depends upon C», and the 
point at which Cj) is tapped on the coil. The 
nearer the tap to the bottom of the coil, the 
greater the bandspread, and vice versa. For a 
given coil and tap, the bandspread will be greater 
if C2 is set at higher capacitance. C2 may be con- 
nected permanently across the individual induc- 
tor and preset, if desired. This requires a separate 
capacitor for each band, but. eliminates the ne- 
cessity for resetting Co each time. 


Ganged Tuning 


The tuning capacitors of the several rf. 
circuits may be coupled together mechanically 
and operated by a single control. However, 
this operating convenience involves more com- 
plicated construction, both electrically and 
mechanically. It becomes necessary to make 
the various circuits track — that is, tune to the 
same frequency at each setting of the tuning 
control. 


Superhetrodyne 


True tracking can be obtained only when the 
inductance, tuning capacitors, and circuit 
inductances and minimum and maximum 
capacities are identical in all “ganged” stages. 
A small trimmer or padding capacitor may be 
connected across the coil, so that variations in 
minimum capacity can be compensated. The 
use of the trimmer necessarily increases the 
minimum circuit capacity, but it is a necessity 
for satisfactory tracking. Midget capacitors 
having maximum capacities of 15 to 30 wuf. are 
commonly used. 

The same methods are applied to band- 
spread circuits that must be tracked. The 
circuits are identical with those of Fig. 5-9. 
If both general-coverage and bandspread tun- 
ing are to be available, an additional trimmer 
capacitor must be connected across the coil in 
each circuit shown. If only amateur-band tun- 
ing is desired, however, then C3 in Fig. 5-9B, 
and C2 in Fig. 5-9C, serve as trimmers. 

The coil inductance can be adjusted by 


starting with a larger number of turns than 
necessary and removing a turn or fraction of 
a turn at a time until the circuits track satis- 
factorily. An alternative method, provided the 
inductance is reasonably close to the correct 
value initially, is to make the coil so that the 
last turn is variable with respect to the whole coil. 

Another method for trimming the induc- 
tance is to use an adjustable brass (or copper) 
or powdered-iron core. The brass core acts like a 
single shorted turn, and the inductance of the 
coil is decreased as the brass core, or ‘‘slug,” is 
moved into the coil. The powdered-iron core has 
the opposite effect, and increases the inductance 
as it is moved into the coil. The Q of the coil is 
not affected materially by the use of the brass 
slug, provided the brass slug has a clean surface 
or is silverplated. The use of the powdered-iron 
core will raise the Q of a coil, provided the iron 
is suitable for the frequency in use. Good pow- 
dered-iron cores can be obtained for use up to 
about 50 Me. 


The Superheterodyne 


For many years (until about 1932) practi- 
cally the only type of receiver to be found in 
amateur stations consisted of a regenerative 
detector and one or more stages of audio amplifi- 
cation. Receivers of this type can be made quite 
sensitive but strong signals block them easily 
and, in our present crowded bands, they are 
seldom used except in emergencies. They have 
been replaced by superheterodyne receivers, 
generally called “‘superhets.”’ 


The Superheterodyne Principle 


In a superheterodyne receiver, the frequency 
of the incoming signal is heterodyned to a new 
radio frequency, the intermediate frequency 
(abbreviated ‘‘i.f.””), then amplified, and finally 
detected. The frequency is changed by modulating 
the output of a tunable oscillator (the high-fre- 
quency, or local, oscillator) by the incoming 
signal in a mixer or converter stage (first de- 
tector) to produce a side frequency equal to the 
intermediate frequency. The other side frequency 
is rejected by selective circuits. The audio- 
frequency signal is obtained at the second 
detector. Code signals are made audible by 
autodyne or heterodyne reception at the second 
detector. . 

As a numerical example, assume that an 
intermediate frequency of 455 kc. is chosen 
and that the incoming signal is at 7000 kc. 
Then the high-frequency oscillator frequency 
may be set to 7455 ke., in order that one side 
frequency (7455 minus 7000) will be 455 ke. 
The high-frequency oscillator could also be set 
to 6545 ke. and give the same difference fre- 
quency. To produce an audible code signal at 
the second detector of, say, 1000 cycles, the 
autodyning or heterodyning oscillator would 
be set to either 454 or 456 ke. 

The frequency-conversion 


process permits 


r.f. amplification at a relatively low frequency, 
the if. High selectivity and gain can be ob- 
tained at this frequency, and this selectivity 
and gain are constant. The separate oscillators 
can be designed for good stability and, since they 
are working at frequencies considerably removed 
from the signal frequencies (percentage-wise), 
they are not normally “pulled” by the incoming 
signal. 


Images 


Each h.f. oscillator frequency will cause i.f. 
response at two signal frequencies, one higher 
and one lower than the oscillator frequency. 
If the oscillator is set to 7455 ke. to tune to a 
7000-ke. signal, for example, the receiver can 
respond also to a signal on 7910 ke., which 
likewise gives a 455-kc. beat. The undesired 
signal is called the image. It can cause unneces- 
sary interference if it isn’t eliminated. 

The radio-frequency circuits of the receiver 
(those used before the signal is heterodyned 
to the if.) normally are tuned to the desired 
signal, so that the selectivity of the circuits re- 
duces or eliminates the response to the image 
signal. The ratio of the receiver voltage out- 
put from the desired signal to that from the 
image is called the signal-to-image ratio, or 
image ratio. 

The image ratio depends upon the selectivity 
of the r.f. tuned circuits preceding the mixer 
tube. Also, the higher the intermediate fre- 
quency, the higher the image ratio, since raising 
the if. increases the frequency separation be- 
tween the signal and the image and places the 
latter further away from the resonance peak 
of the signal-frequency input circuits. Most 
receiver designs represent a compromise be- 
tween economy (few r.f. stages) and image re- 
jection (large number of r.f. stages). 
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Other Spurious Responses 


In addition to images, other signals to which 
the receiver is not ostensibly tuned may be 
heard. Harmonies of the high-frequency oscil- 
lator may beat with signals far removed from 
the desired frequency to produce output at the 
intermediate frequency; such spurious responses 
can be reduced by adequate selectivity before 
the mixer stage, and by using sufficient shielding 
to prevent signal pick-up by any means other 
than the antenna. When a strong signal is re- 
ceived, the harmonics generated by rectification 
in the second detector may, by stray coupling, 
be introduced into the r.f. or mixer circuit and 
converted to the intermediate frequency, to go 
through the receiver in the same way as an ordi- 
nary signal. These ‘‘birdies” appear as a hetero- 
dyne beat on the desired signal, and are princi- 
pally bothersome when the frequency of the 
incoming signal is not greatly different from the 
intermediate frequency. The cure is proper 
circuit isolation and shielding. 

Harmonics of the beat oscillator also may be 
converted in similar fashion and amplified 
through the receiver; these responses can be 
reduced by shielding the beat oscillator and 
operating it at a low power level. 


The Double-Conversion Superheterodyne 


At high and very-high frequencies it is diffi- 
cult to secure an adequate image ratio when 
the intermediate frequency is of the order of 
455 ke. To reduce image response the signal 
frequently is converted first to a rather high 
(1500, 5000, or even 10,000 ke.) intermediate 
frequency, and then—sometimes after fur- 
ther amplification —reconverted to a _ lower 
i.f. where higher adjacent-channel selectivity 
can be obtained. Such a receiver is called a 
double-conversion superheterodyne. 


@ FREQUENCY CONVERTERS 


A circuit tuned to the intermediate frequency 
is placed in the plate circuit of the mixer, to offer 
a high impedance load for the 1.f. voltage that is 
developed. The signal- and oscillator-frequency 
voltages appearing in the plate circuit are rejected 
by the selectivity of this circuit. The i.f. tuned 
circuit should have low impedance for these 
frequencies, a condition easily met if they do 
not approach the intermediate trequency. 

The conversion efficiency of the mixer is 
the ratio of if. output voltage from the plate 
circuit to r.f. signal voltage applied to the grid. 
High conversion efficiency is desirable. The 
mixer tube noise also should be low if a good 
signal-to-noise ratio is wanted, particularly 
if the mixer is the first tube in the receiver. 

A change in oscillator frequency caused by 
tuning of the mixer grid circuit is called pulling. 
Pulling should be minimized, because the stabil- 
ity of the whole receiver depends critically upon 
the stability of the h.f. oscillator. Pulling de- 
creases with separation of the signal and h.f.- 


oscillator frequencies, being less with high in- 


94 


termediate frequencies. Another type of pull- 
ing is caused by regulation in the power supply. 
Strong signals cause the voltage to change, which 
in turn shifts the oscillator frequency. 
Circuits 

If the first detector and high-frequency oscilla- 
tor are separate tubes, the first detector is called 
a “mixer.” If the two are combined in one en- 
velope (as is often done for reasons of economy or 
efficiency), the first detector is called a ‘‘con- 
verter.” In either case the function is the same. 

Typical mixer circuits are shown in Fig. 5-10. 
The variations are chiefly in the way in which 
the oscillator voltage is introduced. In 5-10A, 
a pentode functions as a plate detector; the 
oscillator voltage is capacity-coupled to the 
grid of the tube through C>. Inductive coupling 
may be used instead. The conversion gain and 
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Fig. 5-10—Typical circuits for separately excited mixers. 

Grid injection of a pentode mixer is shown at A, cathode 

injection at B, and separate excitation of a pentagrid 

converter is given in C. Typical values for C will be found 

in Table 5-I—the values below are for the pentode mixer 
of A and B. 


Ro—1.0 megohm. 
R3—0.47 megohm. 
R4—1500 ohms. 


Ci—10 to 50 puuyf. 

Co—5 to 10 upf. 

Cz, C4, Cs—O.001 pf. 

Ri— 6800 ohms. 
Positive supply voltage can be 250 volts with a 6AH6, 

150 with a 6AK5. 


Frequency Converters 


input selectivity generally are good, so long as 
the sum of the two voltages (signal and oscilla- 
tor) impressed on the mixer grid does not exceed 
the grid bias. It is desirable to make the oscillator 
voltage as high as possible without exceeding 
this limitation. The oscillator power required is 
negligible. If the signal frequency is only 5 or 10 
times the i.f., it may be difficult to develop enough 
oscillator voltage at the grid (because of the 
selectivity of the tuned input circuit). However, 
the circuit is a sensitive one and makes a good 
mixer, particularly with high-transconductance 
‘tubes like the 6AH6, 6AK5 or 6U8 (pentode 
section). Triode tubes can be used as mixers in 
grid-injection circuits, but they are commonly 
used only at 50 Me. and higher, where mixer 
noise may become a significant factor. The triode 
mixer has the lowest inherent noise, the pentode 
is next, and the multigrid converter tubes are the 
noisiest. 

The circuit in Fig. 5-10B shows cathode in- 
jection at the mixer. Operation is similar to the 
grid-injection case, and the same considerations 
apply. 

It is difficult to avoid “pulling” in a triode 
or pentode mixer, and a pentagrid mixer tube 
provides much better isolation. A typical cir- 
cuit is shown in Fig. 5-11C, and tubes like the 
6SA7, 6BA7 or 6BE6 are commonly used. The 
oscillator voltage is introduced through an “‘in- 
jection” grid. Measurement of the rectified 
current flowing in Fz is used as a check for proper 
oscillator-voltage amplitude. Tuning of the 
signal-grid circuit can have little effect on the 
oscillator frequency because the injection grid is 
isolated from the signal grid by a screen grid 
that is at r.f. ground potential. The pentagrid 
mixer is much noisier than a triode or pentode 
mixer, but its isolating characteristics make it 
a very useful device. 

Many receivers use pentagrid converters, and 
two typical circuits are shown in Fig. 5-11. 
The circuit shown in Fig. 5-11A, which is suitable 
for the 6K8, is for a ‘‘triode-hexode”’ converter. 
A triode oscillator tube is mounted in the same 
envelope with a hexode, and the control grid of 
the oscillator portion is connected internally to 
an injection grid in the hexode. The isolation 
between oscillator and converter tube is reason- 
ably good, and very little pulling results, except 
on signal frequencies that are quite large com- 
pared with the if. 

The pentagrid-converter circuit shown in Fig. 
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Ro 
Ci=- R, 
(A) 
TUNING 
+250 
R, Co 
+100 


6SA7, 6BE6 or 6SB7 1 F TRANS 


O 
+250 


Fig. 5-11—Typical circuits for triode-hexode (A) and 
pentagrid (B) converters. Values for Ri, Re and R3 can be 
found in Table 5-1; others are given below. 

Ci—47 pp. C3—0.01 yf. 

Co, C4, Cs—O.001 pf. R4—1000 ohms. 


5-11B can be used with a tube like the 6SA7, 
6SB7Y, 6BA7 or 6BE6. Generally the only care 
necessary is to adjust the feedback of the oscilla- 
tor circuit to give the proper oscillator r.f. volt- 
age. This condition is checked by measuring the 
d.c. current flowing in grid resistor Re. 

A more stable receiver generally results, par- 
ticularly at the higher frequencies, when sepa- 
rate tubes are used for the mixer and oscillator. 
Practically the same number of circuit com- 
ponents is required whether or not a combi- 
nation tube is used, so that there is very little 
difference to be realized from the cost standpoint. 

Typical circuit constants for converter tubes 
are given in Table 5-I. The grid leak referred 
to is the oscillator grid leak or injection-grid 
return, Rz of Figs. 5-10C and 5-11. 

The effectiveness of converter tubes of the type 
just described: becomes less as the signal fre- 
quency is increased. Some oscillator voltage will 


TABLE 5-1 


Circuit and Operating Values for Converter Tubes 
Screen voltage =100, or through specified resistor from 250 volts 


Plate voltage=250 


SELF-EXCITED 
Cathode Screen Grid 


Resistor Resistor Leak 
12,000 22,000 
22,000 22,000 
27,000 47,000 
18,000 22,000 
15,000 22,000 
1 Miniature tube 2 Octal base, metal. 


Current 


SEPARATE EXCITATION 
Cathode Screen Grid 
Resistor Resistor Leak Current 
68 15,000 22,000 0.35 ma. 
150 22,000 22,000 a 


22,000 a 
22,000 39 


Grid Grid 


150 18,000 
68 15,000 
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be coupled to the signal grid through ‘‘space- 
charge” coupling, an effect that increases with 
frequency. If there is relatively little frequency 
difference between oscillator and signal, as for 
example a 14- or 28-Mce. signal and an i.f. of 455 
ke., this voltage can become considerable because 
the selectivity of the signal circuit will be unable 
to reject it. If the signal grid is not returned 
directly to ground, but instead is returned 
through a resistor or part of an a.v.c. system, 
considerable bias can be developed which will 
cut down the gain. For this reason, and to reduce 
image response, the 1.f. following the first con- 
verter of a receiver should be not less than 5 or 10 
per cent of the signal frequency, for best results. 


Transistors in Mixers 


Typical transistor circuitry for a mixer operat- 
ing at frequencies below 20 Me. is shown in Fig. 
5-12. The local oscillator current is injected in the 
emitter circuit by inductive coupling to Ly; /4 
should have low reactance at the oscillator fre- 
quency. The input from the r.f. amplifier should 
be at low impedance, obtained by inductive 
coupling or tapping down on the tuned circuit. 
The output transformer 7; has the collector con- 
nection tapped down on the inductance to main- 
tain a high Q in the tuned circuit. 


Ti 
2N372 


FROM 


ara 


4100 


Fig. 5-1 2—Typical transistor mixer circuit. 


Li—Low-impedance inductive coupling to oscillator. 

Ti—Transistor i.f. transformer. Primary impedance of 
100,000 ohms, secondary impedance of 1700 
ohms, unloaded Q = 100, loaded Q = 35. 


Audio Converters 


Converter circuits of the type shown in Fig. 
5-11 can be used to advantage in the reception of 
code and single-sideband suppressed-carrier sig- 
nals, by introducing the local oscillator on the 
No. 1 grid, the signal on the No. 3 grid, and work- 
ing the tube into an audio load. Its operation can 
be visualized as heterodyning the incoming signal 
into the audio range. The use of such circuits for 
audio conversion has been limited to selective if. 
amplifiers operating below 500 ke. and usually 
below 100 ke. An ordinary a.m. signal cannot be 
received on such a detector unless the tuning is 
adjusted to make the local oscillator zero-beat 
with the incoming carrier. 

Since the beat oscillator modulates the electron 
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stream completely, a large beat-oscillator com- 
ponent exists in the plate circuit. To prevent 
overload of the following audio amplifier stages, 
an adequate i.f. filter must be used in the output 
of the converter. 

The “product detector” of Fig. 5-6 is also a 
converter circuit, and the statements above for 
audio converters apply to the product detector. 


& THE HIGH-FREQUENCY OSCILLATOR 


Stability of the receiver is dependent chiefly 
upon the stability of the h.f. oscillator, and 
particular care should be given this part of the 
receiver. The frequency of oscillation should be 
insensitive to mechanical shock and changes 
in voltage and loading. Thermal effects (slow 
change in frequency because of tube or circuit 
heating) should be minimized. They can be 
reduced by using ceramic instead of bakelite 
insulation in the r.f. circuits, a large cabinet 
relative to the chassis (to provide for good radia- 
tion of developed heat), minimizing the number 
of high-wattage resistors in the receiver and put- 
ting them in the separate power supply, and not 
mounting the oscillator coils and tuning cap- 
acitor too close to a tube. Propping up the lid 
of a receiver will often reduce drift by lowering 
the terminal temperature of the unit. 

Sensitivity to vibration and shock can be 
minimized by using good mechanical support for 
coils and tuning capacitors, a heavy chassis, and 
by not hanging any of the oscillator-circuit com- 
ponents on long leads. Tie-points should be used 
to avoid long leads. Stiff short leads are excellent 
because they can’t be made to vibrate. 

Smooth tuning is a great convenience to the 
operator, and can be obtained by taking pains 
with the mounting of the dial and tuning ca- 
pacitors. They should have good alignment 
and no back-lash. If the capacitors are mounted 
off the chassis on posts instead of brackets, it is 
almost impossible to avoid some back-lash 
unless the posts have extra-wide bases. The 
capacitors should be selected with good wiping 
contacts to the rotor, since with age the rotor 
contacts can be a source of erratic tuning. All 
joints in the oscillator tuning circuit should be 
carefully soldered, because a loose connection or 
“rosin joint” can develop trouble that is some- 
times hard to locate. The chassis and panel 
materials should be heavy and rigid enough so 
that pressure on the tuning dial will not cause 
torsion and a shift in the frequency. 

In addition, the oscillator must be capable 
of furnishing sufficient r.f. voltage and power 
for the particular mixer circuit chosen, at all 
frequencies within the range of the receiver, 
and its harmonic output should be as low as 
possible to reduce the possibility of spurious 
responses. 

The oscillator plate power should be as low 
as is consistent with adequate output. Low 
plate power will reduce tube heating and there- 
by lower the frequency drift. The oscillator 
and mixer circuits should be well isolated, pref- 
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Fig. 5-13—High-frequency oscillator circuits. A, pentode 
grounded-plate oscillator; B, triode grounded-plate oscil- 
lator; C, triode oscillator with tickler circuit. Coupling to 
the mixer may be taken from points X and Y. In A and B, 
coupling from Y will reduce pulling effects, but gives less 
voltage than from X; this type is best adapted to mixer 
circuits with small oscillator-voltage requirements. Typical 
values for components are as follows: 


Circuit A Circuit B Circuit C 
Ci—100 wyf. 100 wuyf. 100 upf. 
Co—0.01 pf. 0.01 uf. 0.01 pf. 
C3—0.01 uf. 


Ri:— 47,000 ohms. 
R2—47,000 ohms. 


47,000 ohms. 
10,000 to 10,000 to 
25,000 ohms. 25,000 ohms. 
The plate-supply voltage should be 250 volts. In circuits 
B and C, Re is uséd.to drop the supply voltage to 100-150 
volts; it may te omitted if voltage is obtained from a 
voltage divider in the power supply. 


47,000 ohms. 


erably by shielding, since coupling other than by 
the intended means may result in pulling. 

If the h.f.-oscillator frequency is affected by 
changes in plate voltage, a voltage-regulated 
plate supply (VR tube) can be used. 


Circuits 


Several oscillator circuits are shown in Fig. 
5-13. Circuits A and B will give about the same 
results, and require only one coil. However, in 
these two circuits the cathode is above ground 
potential for r.f., which often is a cause of: hum 
modulation of the oscillator output at 14 Me. 
and higher frequencies when a.c.-heated-cathode 
tubes are used. The circuit of Fig. 5-13C reduces 
hum because the cathode is grounded. It is simple 
to adjust, and it is also the best circuit to use with 
filament-type tubes. With filament-type tubes, 
the other two circuits would require r.f. chokes to 
keep the filament above r.f. ground. 

Besides the use of a fairly high C/Z ratio in 
the tuned circuit, it is necessary to adjust the 
feedback to obtain optimum results. Too much 
feedback may cause ‘‘squegging”’ of the oscillator 


icy 


and the generation of several frequencies simul- 
taneously; too little feedback will cause the out- 
put to be low. In the tapped-coil circuits (A, 
B), the feedback is increased by moving the tap 
toward the grid end of the coil. In C, more feed- 
back is obtained by increasing the number of 
turns on Le or moving Le closer to Ly. 


The Intermediate-Frequency Amplifier 


One major advantage of the superhet is that 
high gain and selectivity can be obtained by 
using a good i.f. amplifier. This can be a one- 
stage affair in simple receivers, or two or three 
stages in the more elaborate sets. 


Choice of Frequency 


The selection of an intermediate frequency 
is a compromise between conflicting factors. The 
lower the i.f. the higher the selectivity and gain, 
but a low i.f. brings the image nearer the desired 
signal and hence decreases the image ratio. A 
low i.f. also increases pulling of the oscillator 
frequency. On the other hand, a high i.f. is benefi- 
cial to both image ratio and pulling, but the 
gain is lowered and selectivity is harder to obtara 
by simple means. 


An i.f. of the order of 455 ke. gives good selec- 
tivity and is satisfactory from the standpoint of 
image ratio and oscillator pulling at frequencies 
up to 7 Mc. The image ratio is poor at 14 Mc. 
when the mixer is connected to the antenna, but 
adequate when there is a. tuned’r.f. amplifier 
between antenna and mixer. At 28 Me. and on 
the very high frequencies, the image ratio is very 
poor unless several r.f. stages are used. Above 14 
Mce., pulling is likely to be bad without. very loose 
coupling between mixer and oscillator. - 

With an i.f. of about 1600 ke., satisfactory 
image ratios can be secured on 14, 21 and 28 
Mc. with one r.f. stage of good design. For 
frequencies of 28 Mc. and higher, a common solu- 
tion is to use double conversion, choosing one 
high if. for image reduction (5 and 10 Me. 
are frequently used) and a lower one for gain 
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and selectivity. 

In choosing an i.f. it is wise to avoid frequen- 
cies on which there is considerable activity by 
the various radio services, since such signals 
may be picked up directly on the i.f. wiring. 
Shifting the i.f. or better shielding are the solu- 
tions to this interference problem. 


Fidelity; Sideband Cutting 


Modulation of a carrier causes the genera- 
tion of sideband frequencies numerically equal 
to the carrier frequency plus and minus the 
highest modulation frequency present. If the 
receiver is to give a faithful reproduction of 
modulation that contains, for instance, audio 
frequencies up to 5000 cycles, it must at least be 
capable of amplifying equally all frequencies con- 
tained in a band extending from 5000 cycles 
above or below the carrier frequency. In a super- 
heterodyne, where all carrier frequencies are 
changed to the fixed intermediate frequency, 
the if. amplification must be uniform over 
a band 5 ke. wide, when the carrier is set at 
one edge. If the carrier is set in the center, a 
10-ke. band is required. The signal-frequency 
circuits usually do not have enough over-all 
selectivity to affect materially the ‘adjacent- 
channel” selectivity, so that only the 1.f.-amplifier 
selectivity need be considered. 

If the selectivity is too great to permit uni- 
form amplification over the band of frequen- 
cies occupied by the modulated signal, some 
of the sidebands are “‘cut.’’ While sideband cut- 
ting reduces fidelity, it is frequently preferable 
to sacrifice naturalness of reproduction in favor 
of communications effectiveness. 

The selectivity of an i.f. amplifier, and hence 
the tendency to cut sidebands, increases with 
the number of amplifier stages and also is greater 
the lower the intermediate frequency. From the 
standpoint of communication, sideband cutting 
is never serious with two-stage amplifiers at 
frequencies as low as 455 ke. A two-stage if. 
amplifier at 85 or 100 ke. will be sharp enough to 
cut some of the higher-frequency sidebands, if 
good transformers are used. However, the cutting 
is not at all serious, and the gain in selectivity is 
worthwhile in crowded amateur bands. 


Circuits 


I.f. amplifiers usually consist of one or two 
stages. At 455 ke. two stages generally give all 
the gain usable, and also give suitable selectivity 


PLATE 


Fig. 5-14—Typical intermediate-fre- 
quency amplifier circuit for a super- 
heterodyne’ receiver. Representative 
values for components are as follows: 

Ci, Cs, C4, Cs—O.02 pf. at 455 kc; 


0.01 uf. at 1600 kc. and higher. oF 


Co—0.01 pf. 

Ri, Re—See Table 5-ll. 
Rs, Rs—1500 ohms. 
R4—0.1 megohm. 
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for phone reception. 

A typical circuit arrangement is shown in Fig. 
5-14. A second stage would simply duplicate the 
circuit of the first. The i.f. amplifier practically 
always uses a remote cut-off pentode-type tube 
operated as a Class A amplifier. For maximum 
selectivity, double-tuned transformers are used 
for interstage coupling, although single-tunea 
circuits or transformers with untuned primaries 
can be used for coupling, with a consequent loss 
in selectivity. All other things being equal, the 
selectivity of an i.f. amplifier is proportional to 
the number of tuned circuits in it. 

In Fig. 5-14, the gain of the stage is reduced 
by introducing a negative voltage to the lead 
marked “AGC” or a positive voltage to R, at 
the point marked ‘‘manual gain control.” In 
either case, the voltage increases the bias on 
the tube and reduces the mutual conductance 
and hence the gain. When two or more stages are 
used, these voltages are generally obtained from 
common sources. The decoupling resistor, R3, 
helps to prevent unwanted interstage coupling. 
Co and 4 are part of the automatic gain- 
control circuit (described later); if no a.g.c. is 
used, the lower end of the i.f.-transformer sec- 
ondary is connected to chassis. 


Tubes for I.F. Amplifiers 


Variable-u (remote cut-off) pentodes are al- 
most invariably used in i.f. amplifier stages, 
since grid-bias gain control is practically always 
applied to the i.f. amplifier. Tubes with high 
plate resistance will have least effect on the 
selectivity of the amplifier, and those with high 
mutual conductance will give greatest gain. The 
choice of i.f. tubes normally has no effect on the 
signal-to-noise ratio, since this is determined by 
the preceding mixer and r.f. amplifier. 

Typical values of cathode and screen resistors 
for common tubes are given in Table 5-II. The 
6BA6, 6BJ6 and 6B76 are recommended for i.f. 
work because they have desirable remote cut-off 
characteristics. The indicated screen resistors 
drop the plate voltage to the correct screen 
voltage, as Rein Fig. 5-14. 

When two or more stages are used the high 
gain may tend to cause instability and oscilla- 
tion, so that good shielding, bypassing, and care- 
ful circuit arrangement to prevent stray coupling 
between input and output circuits are necessary. 

When single-ended tubes are used, the plate 
and grid leads should be well separated. With 
these tubes it is advisable to mount the screen 
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TABLE 5-II 


Cathode and Screen-Dropping 
Resistors for R.F. or I.F. Amplifiers 


Tube Plate 


Volts 


Cathode 
Resistor Ri 


Screen 
Resistor Re 


62,000 
62,000 
27,000 
33,000 
33,000 
33,000 
47,000 
20,000 
56,000 
24,000 
27,000 
39,000 
180,000 
56,000 


Screen 
Volts 


6AC7! 

6AH62 

6AK52 

6AU62 

6BA62* 

6BH62 

6BJ62* 

6BZ62* 

6CB6 

6DC62 

6SG71* 

6SH7! 

6SJ7! 

6SK71* 

1 Octal base, metal. 
* Remote cut-off type. 


2 Miniature tube 


bypass capacitor directly on the bottom of the 
socket, crosswise between the plate and grid 
pins, to provide additional shielding. If a paper 
capacitor is used, the outside foil should be 
grounded to the chassis. 


I.F. Transformers 


The tuned circuits of i.f. amplifiers are built 
up as transformer units consisting of a metal 
shield container in which the coils and tuning 
capacitors are mounted. Both air-core and 
powdered iron-core universal-wound coils are 
used, the latter having somewhat higher Qs 
and hence greater selectivity and gain. In uni- 
versal windings the coil is wound in layers with 
each turn traversing the length of the coil, back 
and forth, rather than being wound perpendicu- 
lar to the axis as in ordinary single-layer coils. 
In a straight multilayer winding, a fairly large 
capacitance can exist between layers. Universal 
winding, with its ‘‘criss-crossed” turns, tends to 
reduce distributed-capacity effects. 

For tuning, air-dielectric tuning capacitors are 
preferable to mica compression types because 
their capacity is practically unaffected by changes 
in temperature and humidity. Iron-core trans- 
formers may be tuned by varying the inductance 
(permeability tuning), in which case stability 
comparable to that of variable air-capacitor 
tuning can be obtained by use of high-stability 
fixed mica or ceramic capacitors. Such stability is 
of great importance, since a circuit whose fre- 
quency “drifts” with time eventually will be 
tuned to a different frequency than the other cir- 
cuits, thereby reducing the gain and selectivity 
of the amplifier. Typical i.f.-transformer construc- 
tion is shown in Fig. 5-15. 

The normal interstage if. transformer is 
loosely coupled, to give good selectivity consistent 
with adequate gain. A so-called diode trans- 
former is similar, but the coupling is tighter, to 
give sufficient transfer when working into the 
finite load presented by a diode detector. Using 
a diode transformer in place of an interstage 
transformer would result in loss of selectivity; 


using an interstage transformer to couple to the 
diode would result in loss of gain. 

Besides the type of i.f. transformer shown in 
Fig. 5-15, special units to give desired selectiv- 
ity characteristics are available. For higher- 
than-ordinary adjacent-channel selectivity triple- 
tuned transformers, with a third tuned circuit 
inserted between the input and output windings, 
are sometimes used. The energy is transferred 
from the input to the output windings via this 
tertiary winding, thus adding its selectivity to 
the over-all selectivity of the transformer. 

A method of varying the selectivity is to vary 
the coupling between primary and secondary, 
overcoupling being used to broaden the selec- 
tivity curve. Special circuits using single tuned 
circuits, coupled in any of several different ways, 
are used in some advanced receivers. 


Variable air 
capacitors 


High-stability mica 
fixed capacitors 


Shield 


TINY 


CUD 


LUniversal-wound: il 
coils 


Movable powdered 
l70on plug ae 


AIR TUNED 


PERMEABILITY TUNED 


Fig. 5-15—Representative i.f.-transformer construction. 
Coils are supported on insulating tubing or (in the air- 
tuned type) on wax-impregnated wooden dowels. The 
shield in the air-tuned transformer prevents capacity 
coupling between the tuning capacitors. In the permea- 
bility-tuned transformer the cores consist of finely-divided 
iron particles supported in an insulating binder, formed 
into cylindrical ‘plugs.’ The tuning capacitance is fixed, 
and the inductances of the coils are varied by moving the 
iron plugs in and out. 


Selectivity 


The over-all selectivity of the r.f. amplifier 
will depend on the frequency and the number 
of stages. The following figures are indicative 
of the bandwidths to be expected with good- 
quality transformers in amplifiers so constructed 
as to keep regeneration at a minimum: 

Bandwidth in Kilocycles 
20 db. 40 db. 


Intermediate Frequency 
One stage, 50 ke. (iron core)... 2.0 3.0 4.2 


One stage, 455 ke. (aircore)... 8.7 17.8 Sara 
One stage, 455 ke. (iron core).. 4.3 10.3 20.4 
Two stages, 455 ke. (ironcore). 2.9 6.4 10.8 
Two stages, 1600 ke.......... L150 16.6 27.4 


Transistor I. F. Amplifier 


A typical circuit for a two-stage transistor 1.f. 
amplifier is shown in Fig. 5-16. Constants are 
given for a 455-ke. amplifier, but the same gen- 
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: ee at, MIXER T, 
Fig. 5-16—Typical circuit for a two- te 
stage transistor i.f. amplifier. At high 5 =a 
frequencies a neutralizing capacitor 
may be required, as mentioned tout I= 
in the text. _ ISV. | 


Ti Transistor input i.f. transformer. Primary impedance = 
100,000 ohms, secondary impedance = 1700 
ohms, unloaded Q@ = 100, loaded Q = 35. 

T2—Transistor interstage~ i.f. transformer. Primary im- 
pedance = 4600 ohms, secondary impedance 


eral circuitry applies to an amplifier at any fre- 
quency within the operating range of the tran- 
sistors. When higher frequencies are used, it may 
be necessary to neutralize the amplifier to avoid 
overall oscillation; this is done by connecting a 
small variable capacitor of a few uuf. from base 
to base of the transistors. 

Automatic gain control is obtained by using 
the developed d.c. at the 1N295 diode detec- 
tor to modify the emitter bias current on the 
first stage. As the bias current changes, the input 
and output impedances change, and the resultant 
impedance mismatches causes a reduction in 
gain. Such a.g.c. assumes, of course, that the 
amplifier is set up initially in a matched condition. 


TO CONTROLLED 


iF TRANS °/AGES 


TO CONTROLLED 


{ F TRANS STAGES 


10K 
| Ts 1N295 


Ee: VOLUME 
C) SE ee Set 
SS 5000 


2N247 


05ut 
sue 1000 $560 
0 - OV. 
= 1700 ohms, unloaded Q = 39, loaded Q = 


; 350 
T3—Transistor output i.f. transformer. Primary impedance 
= 30,000 ohms, secondary impedance = 1000 
ohms, unloaded Q = 100, loaded Q = 35. 


@ THE SECOND DETECTOR AND 
BEAT OSCILLATOR 


Detector Circuits 


The second detector of a superheterodyne 
receiver performs the same function as the de- 
tector in the simple receiver, but usually operates 
at a higher input level because of the relatively 
great amplification ahead of it. Therefore, the 
ability to handle large signals without distortion 
is preferable to high sensitivity. Plate detection 
is used to some extent, but the diode detector is 
most popular. It is especially adapted to furnish- 
ing automatic gain or volume control. The basic 
circuits have been described, although in many 


Fig. 5-17—Delayed automatic gain-control cir- 

cuits using a twin diode (A) and a dual-diode 

triode. The circuits are essentially the same and 

differ only in the methed of biasing the a.g.c. 

rectifier. The a.g.c. control voltage is applied to 

the controlled stages as in (C). For these circuits 
typical values are: 


Ci, C3, Ca—100 up. 

Co, Cs, C7, Cs—O.01 uf. 

Ce—5-uf. electrolytic. 

Ri, Ro, Rio—O.1 megohm. 

Ro—0.47 megohm. 

R3—2 megohms. 

R4—0.47 megohm. 

Rs, Re—Voltage divider to give 2 to 10 volts bias 
at 1 to 2 ma. drain. 

R7—0.5-megohm volume control. 

Rs—Correct bias resistor for triode section of dual- 
diode triode. 
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Automatic Gain Control 


cases the diode elements are incorporated in a 
multipurpose tube that contains an amplifier 
section in addition to the diode. 


Audio-converter circuits and product detectors 


are often used for code or s.s.b, detectors. 


The Beat Oscillator 


Any standard oscillator circuit may be used 
for the beat oscillator required for heterodyne 
reception. Special beat-oscillator transformers 
are available, usually consisting of a tapped 
coil with adjustable tuning; these are most con- 
veniently used with the circuits shown in Fig. 
5-13A and B, with the output taken from Y. A 
variable capacitor of about 25-uuf. capacitance 
can be connected between cathode and ground 
to provide fine adjustment of the frequency. The 
beat oscillator usually is coupled to the second- 
detector tuned circuit through a fixed capacitor 
of a few pt. g 

The beat oscillator should be well shielded, 
to prevent coupling to any part of the receiver 
except the second detector and to prevent its 
harmonics from getting into the front end and 
being amplified along with desired signals. The 
b.f.0. power should be as low as is consistent with 
sufficient audio-frequency output on the strongest 
signals. However, if the beat-oscillator output 
is too low, strong signals will not give a propor- 
tionately strong audio signal. Contrary to some 
opinion, a weak b.f.o. is never an advantage. 


@ AUTOMATIC GAIN CONTROL 


Automatic regulation of the gain of the re- 
ceiver in inverse proportion to the signal strength 
is an operating convenience in phone reception, 
since it tends to keep the output level of the 
receiver constant regardless of input-signal 
strength. The average rectified d.c. voltage, 
developed by the received signal across a re- 
sistance in a detector circuit, is used to vary the 
bias on the r.f. and i.f. amplifier tubes. Since this 
voltage is proportional to the average amplitude 
of the signal, the gain is reduced as the signal 
strength becomes greater. The control will be 
more complete and the output more constant as 
the number of stages to which the a.g.c. bias is 
applied is increased. Control of at least two stages 
is advisable. 


Circuits 


Although some receivers derive the a.g.c. volt- 
age from the diode detector, the usual practice 
is to use a separate a.g.c. rectifier. Typical cir- 
cuits are shown in Figs. 5-17A and 5-17B. The 
two rectifiers can be combined in one tube, as in 
the 6H6 and 6AL5. In Fig. 5-17A Vj is the diode 
detector; the signal is developed across Rf, and 
coupled to the audio stages through C3. C1, Ri 
and C2 are included for r.f. filtering, to prevent 
a large r.f. component being coupled to the audio 
circuits. The a.g.c. rectifier, V2,-1s coupled to the 
last i.f. transformer through C4, and most of the 
rectified voltage is developed across 3. V2 does 
not rectify on weak signals, however; the fixed 


bias at Rs; must be exceeded before rectification 
can take place. The developed negative a.g.c. 
bias is fed to the controlled stages through Ra. 

The circuit of Fig. 5-17B is similar, except that 
a dual-diode triode tube is used. Since this has 
only one common cathode, the circuitry is slightly 
different but the principle is the same. The triode 
Stage serves as the first audio stage, and its bias 
is developed in the cathode circuit across Rs. 
This same bias is applied to the a.g.c. rectifier by 
returning its load resistor, R3, to ground. To 
avoid placing this bias on the detector, Vj, its 
load resistor f,/%2 is returned to cathode, thus 
avoiding any bias on the detector and permitting 
it to respond to weak signals. 

The developed negative a.g.c. bias is applied 
to the controlled stages through their grid cir- 
cuits, as shown in Fig. 5-17C. C7Ry and CsRio 
serve as filters to avoid common coupling and 
possible feedback and oscillator. The a.g.c. is 
disabled by closing switch S}. 

The a.g.c. rectifier bias in Fig. 5-17B is set by 
the bias required for proper operation of V3. 
If less bias for the a.g.c. rectifier is required, R3 
can be tapped up on #s instead of being returned 
to chassis ground. In Fig. 5-17A, proper choice of 
bias at Rs depends upon the over-all gain of the 
receiver and the number of controlled stages. In 
general, the bias at Rs will be made higher for 
recelvers with more gain and more stages. 


Time Constant 


The time constant of the resistor-capacitor 
combinations in the a.g.c. circuit is an important 
part of the system. It must be long enough so 
that the modulation on the signal is completely 
filtered from the d.c. output, leaving only an 
average d.c. component which follows the rela- 
tively slow carrier variations with fading. Audio- 
frequency variations in the a.g.c. voltage applied 
to the amplifier grids would reduce the percentage 
of modulation on the incoming signal. But the 
time constant must not be too long or the a.g.c. 
will be unable to follow rapid fading. The ca- 
pacitance and resistance values indicated in Fig. 
5-17 will give a time constant that is satisfactory 
for average reception. 


C.W. and S.S.B. 


A.g.c. can be used for c.w. and s.s.b. reception 
but the circuit is usually more complicated. The 
a.g.c. voltage must be derived from a rectifier 
that is isolated from the beat-frequency oscillator 
(otherwise the rectified b.f.o. voltage will reduce 
the receiver gain even with no signal coming 
through). This is done by using a separate a.g.c. 
channel connected to an 1.f. amplifier stage 
ahead of the second detector (and b.f.o.) or by 
rectifying the audio output of the detector. If 
the selectivity ahead of the a.v.c. rectifier isn’t 
good, strong adjacent-channel signals may de- 
velop a.g.c. voltages that will reduce the receiver 
gain while listening to weak signals. When clear 
channels are available, however, c.w. and s.8.b. 
a.g.c. will hold the receiver output constant over 
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a wide range of signal inputs. A.g.c. systems 
designed to work on these signals should have 
fast-attack and slow-decay characteristics to 
work satisfactorily, and often a selection of time 
constants is made available. 

The a.g.c. circuit shown in Fig. 5-18 is ap- 
plicable to many receivers without too much 
modification. Audio from the receiver is amplified 
in Vy and rectified in Von. The resultant voltage 
is applied to the a.g.c. line through Voc. The 
capacitor Cy charges quickly and will remain 
charged until discharged by Vip. This will occur 
some time after the signal has disappeared, be- 
cause the audio was stepped up through 7; 
and rectified in Vea, and the resultant used to 
charge C2. This voltage holds V1, cut off for an 


GATE 
Ve 


Fig. 5-18—Audio “hang” a.g.c. system. Re- 
sistors are Y2 watt unless specified otherwise. 
Ri—Normal audio volume control in receiver. 
T1—1:3 step-up audio transformer (Stancor 
A-53 or equiv.) 
The hang time can be adjusted by changing 
the value of the recovery diode load resistor 
(4.7 megohms shown here). The a.g.c. line in 
the receiver must have no d.c. return to ground 
and the receiver should have good skirt se- 
lectivity for maximum effectiveness at the 


eo 
+250 system. 


appreciable time, until C2 discharges through the 
4.7-megohm resistor. The threshold of compres- 
sion is set by adjusting the bias on the diodes 
(changing the value of the 3.3K or 100K re- 
sistors). There can be no d.c. return to ground 
from the a.g.c. line, because C, must be dis- 
charged only by Vip. Even a v.t.v.m. across the 
a.g.c. line will be too low a resistance, and the 
operation of the system must be observed by the 
action of the S meter. 

Occasionally a strong noise pulse may cause the 
a.g.c. to hang until Ce discharges, but most of 
the time the gain should return very rapidly to 
that set by the signal. A.g.c. of this type is very 
helpful in handling netted s.s.b. signals of widely 
varying strengths. 


Noise Reduction 


Types of Noise 

In addition to tube and circuit noise, much 
of the noise interference experienced in recep- 
tion of high-frequency signals is caused by do- 
mestic or industrial electrical equipment and by 
automobile ignition systems. The interference is 
of two types in its effects. The first is the ‘‘hiss”’ 
type, consisting of overlapping pulses similar 
in nature to the receiver noise. It is largely re- 
duced by high selectivity in the receiver, espe- 
cially for code reception. The second is the 
““pistol-shot”’ or ‘‘machine-gun”’ type, consisting 
of separated impulses of high amplitude. The 
“hiss” type of interference usually is caused by 
commutator sparking in d.c. and series-wound 
a.c. motors, while the ‘‘shot’’ type results from 
separated spark discharges (a.c. power leaks, 
switch and key clicks, ignition sparks, and the 
like). 

The only known approach to reducing tube 
and circuit noise is through better ‘‘front-end”’ 
design and through more over-all selectivity. 


Impulse Noise 


Impulse noise, because of the short dura- 
tion of the pulses compared with the time be- 
tween them, must have high amplitude to 
contain much average energy. Hence, noise of 
this type strong enough to cause much interfer- 
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ence generally has an instantaneous amplitude 
much higher than that of the signal being re- 
ceived. The general principles of devices intended 
to reduce such noise is to allow the desired signal 
to pass through the receiver unaffected, but to 
make the receiver inoperative for amplitudes 
greater than that of the signal. The greater the 
amplitude of the pulse compared with its time 
of duration, the more successful the noise re- 
duction. 

Another approach is to ‘“‘silence”’ (render in- 
operative) the receiver during the short duration 
time of any individual pulse. The listener will 
not hear the ‘‘hole’”’ because of its short dura- 
tion, and very effective noise reduction is ob- 
tained. Such devices are called “‘silencers”’ rather 
than “‘limiters.” 

In passing through selective receiver circuits, 
the time duration of the impulses is increased, 
because of the Q of the circuits. Thus the more 
selectivity ahead of the noise-reducing device, 
the more difficult it becomes to secure good 
pulse-type noise suppression. 


Audio Limiting 
A considerable degree of noise reduction in 
code reception can be accomplished by am- 


plitude-limiting arrangements applied to the 
audio-output circuit of a receiver. Such limiters 


FROM 
DETECTOR 


Noise Reduction 


as 


also maintain the signal output nearly constant 
during fading. These output-limiter systems are 
simple, and adaptable to most receivers. How- 
ever, they cannot prevent noise peaks from 
overloading previous stages. 


@ SECOND-DETECTOR NOISE 
LIMITER CIRCUITS 


Most audio limiting circuits are based on one 
of two principles. In a series limiting circuit, a 
normally conducting element (or elements) is 
connected in the circuit in series and operated 
in such a manner that it becomes non-conductive 
above a given signal level. In a shunt limiting 
circuit, a non-conducting element is connected 
in shunt across the circuit and operated so that 
it becormaes conductive above a given signal 
level, thus short-circuiting the signal and pre- 
venting its being transmitted’ to the remainder 
of the amplifier. The usual conducting element 
will be a forward-biased diode, and the usual 
non-conducting element will be a back-biased 
diode. In many applications the value of bias 
is set manually by the operator; usually the 
clipping level will be set at about 5 to 10 volts. 

A full-wave clipping circuit that operates at a 
low level (approximately 14 volt) is shown in 
Fig. 5-19. Each diode is biased by its own contact 
potential, developed across the 2.2-megohm re- 
sistors. The .001-uf. capacitors become charged 
to close to this value of contact potential. A 
negative-going signal in excess of the bias will 


1 F TRANS 


! F TRANS 


Fig. 5-19—Full-wave shunt limiter using contact-potential- 
biased diodes. A low-level limiter (Y2 volt), this circuit finds 
greatest usefulness following a product detector. 

Ci, Co—Part of low-pass filter with cutoff below i.f. 
RFC:—Part of low-pass filter; see Ci. 
T,—Center-tapped heater transformer. 


be shorted to ground by the upper diode; a posi- 
tive-going signal will be conducted by the lower 
diode. The conducting resistance of the diodes is 
small by comparison with the 220,000 ohms in 
series with the circuit, and little if any of the 
excessive signal will appear across the 1-megohm 
volume control. In order that the clipping does 
not become excessive and cause distortion, the 
input signal must be held down by a gain control 
ahead of the detector. This circuit finds good 
application following a low-level detector. 

To minimize hum in the receiver output, it is 
desirable to ground the center tap of the heater 
transformer, as shown, instead of the more 
common practice of returning one side of the 
heater circuit to chassis. 

Second-detector noise-limiting circuits that 
automatically adjust themselves to the received 
carrier level are shown in Fig. 5-20. In either 
circuit, V; is the usual diode second detector, 
[?iR, is the diode load resistor, and Cy is an 
r.f. bypass. A negative voltage proportional to 
the carrier level is developed across Co, and this 
voltage cannot change rapidly because Rz3 and Ce 
are both large. In the circuit at A, diode V2 acts 
as a conductor for the audio signal up to the point 
where its anode is negative with respect to the 
cathode. Noise peaks that exceed the maximum 
carrier-modulation level will drive the anode 
negative instantaneously, and during this time 
the diode does not conduct. The long time con- 
stant of C23 prevents any rapid change of the 
reference voltage. In the circuit at B, the diode 
V2 Is inactive until its cathode voltage exceeds its 
anode voltage. This condition will obtain under 
noise peaks and when it does, the diode V2 short- 
circuits the signal and no voltage is passed on to 
the audio amplifier. Diode rectifiers such as the 
6H6 and 6AL5 can be used for these types of 
noise limiters. Neither circuit is useful for c.w. or 
s.s.b. reception, but they are both quite effective 


Fig. 5-20—Self-adjusting series (A) and shunt 

(B) noise limiters. The functions of Vi and V2 

can be combined in one tube like the 6H6 
or 6AL5. 

Ci— 100 uuf. 

Co, C3—0.05 pf. 

Ri—0.27 meg. in A; 47,000 ohms in B. 

Re2—0.27 meg. in A; 0.15 meg. in B. 

R3—1.0 megohm. 

Rsa—0.82 megohm. 

Rs—6800 ohms. 
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IW. 
Fig. 5-21 —Practical circuit diagram of ani.f. noise silencer. 
For best results the silencer should be used ahead of the 
high-selectivity portion of the receiver. 
T,; —Interstage i.f. transformer 


for a.m. phone work. The series circuit (A) is 
slightly better than the shunt circuit. 


@ LF. NOISE SILENCER 


The 1.f. noise silencer circuit shown in Fig. 5-21 
is designed to be used in a receiver as far along 
from the antenna stage as possible but ahead of 
the high-selectivity section of the receiver. Noise 
pulses are amplified and rectified, and the result- 
ing negative-going d.c. pulses are used to cut off 
an amplifier stage during the pulse. A manual 
“threshold” control is set by the operator to a 
level that only permits rectification of the noise 
pulses that rise above the peak amplitude of the 
desired signal. The clamp diode, Via, short cir- 
cuits the positive-going pulse ‘‘overshoots.’’ Run- 
ning the 6BE6 controlled i.f. amplifier at low 
screen voltage makes it possible for the No. 3 
grid (pin 7) to cut off the stage at a lower voltage 
than if the screen were operated at the more- 
normal 100 volts, but it also reduces the available 
gain through the stage. 

It is necessary to avoid i.f. feedback around the 
6BE6 stage, and the closer RFC, can be to self- 
resonant at the i.f. the better will be the filtering. 
The filtering cannot be improved by increasing 
the values of the 150-uuf. capacitors because this 
will tend to “stretch” the pulses and reduce the 
signal strength when the silencer is operative. 


@ SIGNAL-STRENGTH AND 
TUNING INDICATORS 


The simplest tuning indicator is a milliammeter 
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T2—Diode i.f. transformer. 

Ri—33,000 to 68,000 ohms, depending upon gain up to 
this stage. 

RFC;—R.f. choke, preferably self-resonant at i.f. 


connected in the d.c. plate lead of an a.g.c.- 
controlled r.f. or 1.f. stage. Since the plate current 
is reduced as the a.g.c. voltage becomes higher 
with a stronger signal, the plate current is a 
measure of the signal strength. The meter can 
have a 0-1, 0-2 or 0-5 ma. movement, and it 
should be shunted by a 25-ohm rheostat which is 
used to set the no-signal reading to full scale on 
the meter. If a “‘forward-reading”’ meter is de- 
sired, the meter can be mounted upside down. 

Two other S-meter circuits are shown in Fig. 
5-22. The system at A uses a milliammeter in a 
bridge circuit, arranged so that the meter read- 
ings increase with the a.v.c. voltage and signal 
strength. The meter reads approximately in a 
linear decibel scale and will not be ‘‘crowded.”’ 

To adjust the system in Fig. 5-22A, pull the 
tube out of its socket or otherwise break the 
cathode circuit so that no plate current flows, 
and adjust the value of resistor f; across the 
meter until the scale reading is maximum. The 
value of resistance required will depend on the 
internal resistance of the meter, and must be 
determined by trial and error (the current is 
approximately 2.5 ma.). Then replace the 
tube, allow it to warm up, turn the a.g.c. switch 
to ‘‘off” so the grid is shorted to ground, and 
adjust the 3000-ohm variable resistor for zero 
meter current. When the a.g.c. is ‘‘on,’”’ the 
meter will follow the signal variations up to 
the point where the voltage is high enough to 
cut off the meter tube’s plate current. With a 
6J5 or 6SN7GT this will occur in the neighbor- 
hood of 15 volts, a high-amplitude signal. 

The circuit of Fig. 5-22B requires no additional 
tubes. The resistor Rg is the normal cathode 
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Fig. 5-22—Tuning indicator or S-meter circuits for super- 
heterodyne receivers. 


MA—O-1 or 0-2 milliammeter. Ri—Ri1—See text. 


resistor of an a.g.c.-controlled i.f. stage; its 
cathode resistor should be returned to chassis and 
not to the manual gain control. The sum of Rs 
plus &4 should equal the normal cathode resistor 
for the audio amplifier, and they should be pro- 
portioned so that the arm of #3 can pick off a 
voltage equal to the normal cathode voltage for 
the if. stage. In some cases it may be necessary 
to interchange the positions of R3and Ry, in the 
circuit. : 

‘The zero-set control R3 should be set for no 
reading of the meter with no incoming signal, 
and the 1500-ohm sensitivity control should be 
set for a full meter reading’ with the i.f. tube 
removed from its socket. 

Neither of these S-meter circuits can be 
‘‘pinned”’, and only severe misadjustment of the 
zero-set control can injure the meter. 


@ HEADPHONES AND LOUDSPEAKERS 


There are two basic types of headphones in 
common use, the magnetic and the crystal. A 
magnetic headphone uses a small electromagnet 
that attracts and releases a steel diaphragm in 
accordance with the electrical output of the radio 
receiver; this is similar to the ‘‘receiver”’ portion 
of the household telephone. A crystal headphone 


uses the piezoelectric properties of a pair of 
Rochelle-salt or other crystals to vibrate a dia- 
phragm in accordance with the electrical output 
of the radio receiver. Magnetic headphones can 
be used in circuits where d.c. is flowing, such as 
the plate circuit of a vacuum tube, provided the 
current is not too heavy to be carried by the wire 
in the coils; the limit is usually a few milliam- 
peres. Crystal headphones can be used only on 
a.c. (a Steady d.c. voltage will damage the crystal 
unit), and consequently must be coupled to a 
tube through a device, such as a capacitor or 
transformer, that isolates the d.c. but passes the 
a.c. Most modern receivers have a.c. coupling to 
the headphones and hence either type of head- 
phone can be used, but it is wise to look first at 
the circuit diagram in the instruction book and 
make sure that the headphone jack is connected 
to the secondary of the output transformer, as is 
usually the case. 

In general, crystal headphones will have con- 
siderably wider and ‘‘flatter’’ audio response than 
will magnetic headphones (except those of the 
“hi-fi” type that sell at premium prices). The 
lack of wide response in the magnetic headphones 
is sometimes an advantage in code reception, 
since the desired signal can be set on the peak 
and be given a boost in volume over the unde- 
sired signals at slightly different frequencies. 

Crystal headphones are available only in high- 
impedance values around 50,000 ohms or so, 
while magnetic headphones run around. 10,000 to 
20,000 ohms, although they can be obtained in 
values as low as 15 ohms. Usually the impedance 
of a headphone set is unimportant because there 
is more than enough power available from the 
radio receiver, but in marginal cases it is possible 
to improve the acoustic output through a better 
match of headphone to output impedance. When 
headphone sets are connected in series or in 
parallel they must be of similar impedance levels 
or one set will ‘‘hog”’ most of the power. 

Loud speakers are practically always of the 
low-impedance permanent-field dynamic variety, 
and the loudspeaker output connections of a 
receiver can connect directly to the voice coil of 
the loudspeaker. Some receivers also provide a 
“*500-ohm output”’ for connection to a long line to 
a remote loudspeaker. A loudspeaker requires 
mounting in a suitable enclosure if full low- 
frequency response is to be obtained. 


Improving Receiver Selectivity 


@ INTERMEDIATE-FREQUENCY 
AMPLIFIERS 


As mentioned earlier in this chapter, one of 
the big advantages of the superheterodyne 
receiver is the improved selectivity that is possi- 
ble. This selectivity is obtained in the i.f. ampli- 
fier, where the lower frequency allows more 
selectivity per stage than at the higher signal 
frequency. For phone reception, the limit to 
useful selectivity in the i.f. amplifier is the point 


where so many of the sidebands are cut that 
intelligibility is lost, although it is possible to 
remove completely one full set of side bands 
without impairing the quality at all. Maximum 
receiver selectivity in phone reception requires 
good stability in both transmitter and receiver, 
so that they will both remain ‘in tune” during 
the transmission. The limit to useful selectivity 
in code work is around 100 or 200 cycles for 
hand-key speeds, but this much selectivity re- 
quires good stability in both transmitter and 
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receiver, and a slow receiver tuning rate for ease 
of operation. 


Single-Signal Effect 


In heterodyne e¢.w. reception with a super- 
heterodyne receiver, the beat oscillator is set 
to give a suitable audio-frequency beat note 
when the incoming signal is converted to the 
intermediate frequency. For example, the beat 
oscillator may be set to 454 ke. (the i.f. being 
455 ke.) to give a 1000-cycle beat note. Now, 
if an interfering signal appears at 453 ke., or 
if the receiver is tuned to heterodyne the in- 
coming signal to 453 ke., it will also be hetero- 
dyned by the beat oscillator to produce a 1000- 
cycle beat. Hence every signal can be tuned 
in at two places that will give a 1000-cycle beat 
(or any other low audio frequency). This audio- 
frequency image effect can be reduced if the 
if. selectivity is such that the incoming signal, 
when heterodyned to 453 ke., is attenuated to 
a very low level. 

When this is done, tuning through a given 
signal will show a strong response at the de- 
sired beat note on one side of zero beat only, 
instead of the two beat notes on either side of 
zero beat characteristic of less-selective recep- 
tion, hence the name: single-signal reception. 

The necessary selectivity is not obtained with 
nonregenerative amplifiers using ordinary tuned 
circuits unless a low i.f. or a large number of 
circuits is used. 


Regeneration 


Regeneration can be used to give a single- 
signal effect, particularly when the i.f. is 455 ke. 
or lower. The resonance curve of an 1.f. stage at 
critical regeneration (just below the oscillating 
point) is extremely sharp, a bandwidth of 1 ke. 
at 10 times down and 5 ke. at 100 times down 
being obtainable in one stage. The audio-fre- 
quency image of a given signal thus can be re- 
duced by a factor of nearly 100 for a 1000-cycle 
beat note (image 2000 cycles from resonance). 

Regeneration is easily introduced into an if. 
amplifier by providing a small amount of ca- 
pacity coupling between grid and plate. Bringing 
a short length of wire, connected to the grid, 
into the vicinity of the plate lead usually will 
suffice. The feedback may be controlled by the 
regular cathode-resistor gain control. When the 
i.f. is regenerative, it is preferable to operate the 
tube at reduced gain (high bias) and depend on 
regeneration to bring up the signal strength. This 
prevents overloading and increases selectivity. 

The higher selectivity with regeneration re- 
duces the over-all response to noise generated 
in the earlier stages of the receiver, just as does 
high selectivity produced by other means, and 
therefore improves the signal-to-noise ratio. 
However, the regenerative gain varies with signal 
strength, being less on strong signals. 


Crystal-Filters; Phasing 


Probably the simplest means for obtaining 
high selectivity is by the use of a piezoelectric 
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Fig. 5-23—Typical response curve of a crystal filter. The 

notch can be moved to the other side of the response peak 

by adjustment of the “phasing” control. With the above 

curve, setting the b.f.o. at 454 kc. would give good single- 
signal c.w. reception. 


quartz crystal as a selective filter in the if. 
amplifier. Compared to a good tuned circuit, 
the Q of such a crystal is extremely high. The 
crystal is ground resonant at the i.f. and used as a 
selective coupler between i.f. stages. 

Fig. 5-23 gives a typical erystal-filter reso- 
nance curve. For single-signal reception, the 
audio-frequency image can be reduced by 
50 db. or more. Besides practically eliminating 
the a.f. image, the high selectivity of the crystal 
filter provides good discrimination against adja- 
cent signals and also reduces the noise. 

Two crystal-filter circuits are shown in Fig. 
5-24. The circuit at A (or a variation) is found 
in many of the current communications receiv- 
ers. The crystal is connected in one side of a 
bridge circuit, and a phasing capacitor, C4, is 
connected in the other. When C, is set to balance 
the crystal-holder capacitance, the resonance 
curve of the filter is practically symmetrical; the 
crystal acts as a series-resonant circuit of very 
high Q and allows signals over a narrow band of 
frequencies to pass through to the following tube. 
More or less capacitance at C; introduces the 


“rejection notch” of Fig. 5-23 (at 453.7 ke. as 


drawn). The Q of the load circuit for the filter is 
adjusted by the setting of Ry, which in turn 
varies the bandwidth of the filter from ‘‘sharp”’ 
to a bandwidth suitable for phone reception. 
Some of the components of this filter are special 
and not generally available to amateurs. 

The ‘‘band-pass”’ crystal filter at B uses two 
crystals separated slightly in frequency to give 
a band-pass characteristic to the filter. If the 
frequencies are only a few hundred cycles apart, 
the characteristic is an excellent one for c.w. 


R.F. Amplifiers 


(B) 


Fig. 5-24—A variable-selectivity crystal filter (A) and a 
band-pass crystal filter (B). 


reception. With crystals about 2 ke. apart, a 
good phone characteristic is obtained. 


Additional I.F. Selectivity 


Many commercial communications receivers 
do not have sufficient selectivity for amateur 
use, and their performance can be improved 
by additional i.f. selectivity. One method is to 
loosely couple a BC-453 aircraft receiver (war 
surplus, tuning range 190 to 550 ke.) to the 
tail end of the 455-ke. i.f. amplifier in the com- 
munications receiver and use the resultant out- 
put of the BC-453. The aircraft receiver uses.an 
85-ke. i.f. amplifier that is sharp for voice work — 
6.5 ke. wide at — 60 db. — and it helps considerably 
in separating phone signals and in backing up 
crystals filters for improved c.w. reception. 

If a BC-453 is not available, one can still enjoy 
the benefits of improved selectivity. It is only 
necessary to heterodyne to a lower frequency the 
455-ke. signal existing in the receiver 1.f. amplifier 
and then rectify it after passing it through the 
sharp low-frequency amplifier. The J. W. Miller 
Company offers 50-kc. transformers for this 
application. 


& RADIO-FREQUENCY AMPLIFIERS 


While selectivity to reduce audio-frequency 
images can be built into the 1.f. amplifier, dis- 
crimination against radio-frequency images can 
only be obtained in circuits ahead of the first 
detector. These tuned circuits and their associ- 
ated vacuum tubes are called radio-frequency 
amplifiers. For top performance of a communica- 
tions receiver on frequencies above 7 Mc., it is 
mandatory that it have a stage of r.f. amplifica- 
tion, for image rejection and a good noise figure 
(mixers are noisier than amplifiers). 
~ Receivers with an if. of 455 ke. can be ex- 
pected to have some r.f. image response at a 
signal frequency of 14 Mc. and higher if only 
one stage of r.f. amplification is used. (Regen- 


eration in the r.f. amplifier will reduce image 
response, but regeneration usually requires fre- 
quent readjustment when tuning across a band.) 
With two stages of r.f. amplification and an if. 
of 455 ke., no images should be apparent at 14 
Mc., but they will show up on 28 Me. and higher. 
Three stages or more of r.f. amplification, with 
an 1.f. of 455 ke., will reduce the images at 28 Mc., 
but it really takes four or more stages to do a 
good job. Acommon solution at 28 Me. is to use a 
“‘double-conversion”’ superheterodyne, with one 
stage of r.f. amplification and a first if. of 1600 
ke. or higher. A normal receiver with an i.f. of 
455 ke. can be converted to a double conversion 
by connecting a “converter”? ahead of the re- 
ceiver. 

For best selectivity, r.f. amplifiers should use 
high-Q circuits and tubes with high input and 
output resistance. Variable-~1 pentodes are prac- 
tically always used, although triodes (neutral- 
ized or otherwise connected so that they won’t 
oscillate) are often used on the higher frequen- 
cies because they introduce less noise. Pentodes 
are better where maximum image rejection is 
desired, because they have less loading effect on 
the tuned circuits. 


Transistor R. F. Amplifier 


A typical r.f. amplifier circuit using a 2N370 
transistor is shown in Fig. 5-25. Since it is de- 
sirable to maintain a reasonable Q in the tuned 
circuits, to reduce r.f. image response, the base 
and collector are both tapped down on their 
tuned circuits. An alternative method, using low- 
impedance inductive coupling, is shown in Fig. 
5-25B; this method is sometimes easier to adjust 
than the taps illustrated in Fig. 5-25A. The tuned 


TO MIXER 
¢ BASE 


Ci 


(8) 


Fig. 5-25—Transistor r.f. amplifier circuit. The low-im- 
pedance connections to the base and collector can be (A) 
taps on the inductors or (B) low-impedance coupling links. 
L1Cy, LaC2—Resonant at signal frequency. 
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circuits, Z1C; and LCo, should resonate at the 
operating frequency, and they should be mounted 
or shielded to eliminate inductive coupling be- 
tween each other. 


@ FEEDBACK 


Feedback giving rise to regeneration and 
oscillation can occur in a single stage or it may 
appear as an over-all feedback through several] 
stages that are on the same frequency. To avoid 
feedback in a single stage, the output must be 
isolated from the input in every way possible, 
with the vacuum tube furnishing the only cou- 
pling between the two circuits. An oscillation 
can be obtained in an rf. or if. stage if there is 
any undue capacitive or inductive coupling be- 
tween output and input circuits, if there is too 
high an impedance between cathode and ground 
or screen and ground, or if there is any appre- 
ciable impedance through which the grid and 
plate currents can flow in common. This means 
good shielding of coils and tuning capacitors inr.f. 
and i.f. circuits, the use of good bypass capaci- 
tors (mica or ceramic at r.f., paper or ceramic 
at if.), and returning all bypass capacitors 
(grid, cathode, plate and screen) for a given stage 
with short leads to one spot on the chassis. If 


single-ended tubes are used, the screen or cathode ' 


bypass capacitor should be mounted across the 
socket, to serve as a shield between grid and 
plate pins. Less care is required as the frequency 
is lowered, but in high-impedance circuits, it is 
sometimes necessary to shield grid and plate 
leads and to be careful not to run them close 
together. 

To avoid over-all feedback in a multistage 
amplifier, attention must be paid to avoid run- 
ning any part of the output circuit back near the 
input circuit without first filtering it carefully. 
Since the signal-carrying parts of the circuit (the 
“hot”? grid and plate leads) can’t be filtered, 
the best design for any multistage amplifier 
is a straight line, to keep the output as far away 
from the input as possible. For example, an r.f. 
amplifier might run along a chassis in a straight 
line, run into a mixer where the frequency is 
changed, and then the i.f. amplifier could be run 
back parallel to the r.f. amplifier, provided there 
was a very large frequency difference between the 
r.f. and the if. amplifiers. However, to avoid 
any possible coupling, it would be better to run 
the if. amplifier off at right angles to the r.f.- 
amplifier line, just to be on the safe side. Good 
shielding is important in preventing over-all 
oscillation in high-gain-per-stage amplifiers, but 
it becomes less important when the stage gain 
drops to a low value. In a high-gain amplifier, 
the power leads (including the heater circuit) 
are common to all stages, and they can provide 
the over-all coupling if they aren’t properly 
filtered. Good bypassing and the use of series 
isolating resistors will generally eliminate any 
possibility of coupling through the power leads. 
R.f. chokes, instead of resistors, are used in the 
heater leads where necessary. 
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@ cROSS-MODULATION 


Since a one- or two-stage r.f. amplifier will 
have a bandwidth measured in hundreds of ke. 
at 14 Mc. or higher, strong signals will be ampli- 
fied through the r.f. amplifier even though it is 
not tuned exactly to them. If these signals are 
strong enough, their amplified magnitude may 
be measurable in volts after passing through 
several r.f. stages. If an undesired signal is strong 
enough after amplification in the r.f. stages to 
shift the operating point of a tube (by driving the 
grid into the positive region), the undesired signal 
will modulate the desired signal. This effect 
is called cross-modulation, and is often encoun- 
tered in receivers with several r.f. stages working 
at high gain. It shows up as a superimposed mod- 
ulation on the signal being listened to, and often 
the effect is that a signal can be tuned in at sev- 
eral points. It can be reduced or eliminated by 
greater selectivity in the antenna and r.f. stages 
(difficult to obtain), the use of variable-u tubes 
in the r.f. amplifier, reduced gain in the r.f. ampli- 
fier, or reduced antenna input to the receiver. 
The 6BJ6, 6BA6 and 6DC6 are recommended 
for r.f. amplifiers where cross-modulation may be 
a problem. 

A receiver designed for minimum cross-modu- 
lation will use as little gain as possible ahead of 
the high-selectivity stages, to hold strong un- 
wanted signals below the overload point. 


Gain Control 


To avoid cross-modulation and other over- 
load effects in the mixer and r.f. stages, the gain 
of the r.f. stages is usually made adjustable. 
This is accomplished by using variable-» tubes 
and varying the d.c. grid bias, either in the grid 
or cathode circuit. If the gain control is auto- 
matic, as in the case of a.g.c., the bias is con- 
trolled in the grid circuit. Manual control of rf. 
gain is generally done in the cathode circuit. A 
typical r.f. amplifier stage with the two types of 
gain control is shown in schematic form in Fig. 


0-26. 


Tracking 
In a receiver with no r.f. stage, it is no incon- 
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Fig. 5-26—Typical radio-frequency amplifier circuit for 
a superheterodyne receiver. Representative values for 
components are as follows: 


Ci to Cs—0.01 uf. below 15 Mc., 0.001 yf. at 30 Mc. 
Ri, Ro—See Table 5-ll. 
R3s—1800 ohms. 


Receiver Sensitivity 


Fig. 5-27—A practical squelch circuit for cutting off the 
receiver output when no signal is present. 


venience to adjust the high-frequency oscillator 
and the mixer circuit independently, because 
the mixer tuning is broad and requires little 
attention over an amateur band. However, when 
r.f. stages are added ahead of the mixer, the r.f. 
stages and mixer will require retuning over an 
entire amateur band. Hence most receivers with 
one or more r.f. stages gang all of the tuning con- 
trols to give a single-tuning-control receiver. 
Obviously there must exist a constant difference 
in frequency (the i.f.) between the oscillator and 
the mixer/r.f. circuits, and when this condition 
is achieved the circuits are said to track. 

In amateur-band receivers, tracking is sim- 
plifiedby choosing a bandspread circuit that 
gives practically straight-line-frequency tuning 
(equal frequency change for each dial division), 
and then adjusting the oscillator and mixer 
tuned circuits so that both cover the same total 
number of kilocycles. For example, if the i.f. is 
455 ke. and the mixer circuit tunes from 7000 
to 7300 ke. between two given points on the 


dial, then the oscillator must tune from 7455 to 
7755 ke. between the same two dial readings. 
With the bandspread arrangement of Fig. 5-9A, 
the tuning will be practically straight-line-fre- 
quency if C2 (bandset) is 4 times or more the 
maximum capacity of Cy (bandspread), as is 
usually the case for str ictly amateur-band cover- 
age. C; should be of the straight-line-capacity 
type (semicircular plates). 
Squelch Citeuits 

An audio squelch circuit is one that cuts off the 
receiver output when no signal is coming through 
the receiver. It is useful in‘ mobile or net work 
where the no-signal receiver noise may be as 
loud as the signal, causing undue operator fa- 
tigue during no-signal periods. 

A practical squelch cireuit is shown in Fig. 5-27. 
When the a.g.c. voltage is low or zero, the 6SJ7 
draws plate current. Voltage drop across the 
47,000-ohm resistor in its plate circuit cuts off 
the 6J5 and no receiver signal or noise is passed. 
When the a.g.c. voltage rises to the cut-off value 
of the 6SJ7, the pentode no longer draws current 
and the bias on the 65 is now only the operating 
bias, furnished by the 1000-ohm cathode resistor. 
The triode now functions as an ordinary ampli- 
fier and passes signals. By varying the screen 
voltage on the 6SJ7 through Ry; the pentode’s 
cut-off bias can be varied, so that the relation 
between a.g.c. voltage and signal cut-off point of 
the amplifier is adjustable. © 

Connections to the receiver consist of two a.f. 
lines (shielded), the a.g.e. lead, and chassis 
ground. The squelch circuit. is normally inserted 
between detector output and the audio volume 
control of the receiver. Since the circuit is used 
in the low-level audio point, its. plate supply 
must be free from a.c. or: pbiecuronable hum will 
be introduced. 


Improving Receiver Sensitivity 


The sensitivity (signal-to-noise ratio) of a re- 
ceiver on the higher frequencies above 20 Me. 
is dependent upon the band width of the ‘re- 
ceiver and the noise contributed by the ‘front 
end” of the receiver. Neglecting the fact that 
image rejection may be poor, a receiver with no 
r.f. stage is generally satisfactory, from a sen- 
sitivity point, in the 3.5- and 7-Mc. bands. How- 
ever, as the frequency is increased and the at- 
mospheric noise becomes less, the advantage 
of a good “front end’”’ becomes apparent. Hence 
at 14 Me. and higher it is worth while to use 
at least one stage of r.f. amplification ahead of 
the first detector for best sensitivity as well as 
image rejection. The multigrid converter tubes 
have very poor noise figures, and even the best 
pentodes and triodes are three or four times 
noisier when used as mixers than they are when 
used as amplifiers. 

If the purpose of an r.f. amplifier is to improve 


the receiver noise figure at 14 Mc. and higher, 
a high-g1 pentode or triode should be used. 
Among the pentodes, the best tubes are the 6AH6, 
6AK5 and the 6BZ6, in the order named. The 
6AK5 takes the lead around 30 Me. The 6J4, 
6J6, and triode-connected 6AK5 are the best 
of the triodes. For best noise figure, the an- 
tenna circuit should be coupled a little heavier 
than optimum. This cannot give best selectivity 
in the antenna circuit, so it is futile to try to 
maximize sensitivity and selectivityin this circuit. 

When a receiver is satisfactory in every respect 
(stability and selectivity) except sensitivity on 
14 through 30 Mc., the best‘solution for the ama- 
teur is to add a preamplifier, a stage of r.f. am- 
plification designed expressly to: improve the 
sensitivity. If image rejection is lacking in the 
receiver, some selectivity should be built into the 
preamplifier (it is then called a preselector). If, 
however, the receiver operation is poor on the 
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higher frequencies but is satisfactory on the 
lower ones, a “converter” is the best solution. 

Some commercial receivers that appear to 
lack sensitivity on the higher frequencies can 
be improved simply by tighter coupling to the 
antenna. This can be accomplished by changing 
the antenna feed line to the right value (as de- 
termined from the receiver instruction book) or 
by using a simple matching device as described 
later in this chapter. Overcoupling the input 
circuit will often improve sensitivity but it will, 
of course, always reduce the image-rejection con- 
tribution of the antenna circuit. 


fegeneration 


Regeneration in the r.f. stage of a receiver 
(where only one stage exists) will often improve 
the sensitivity, because the greater gain it pro- 
vides serves to mask more completely the first- 
detector noise, and it also provides a measure of 
automatic matching to the antenna through 
tighter coupling. However, accurate ganging 
becomes a problem, because of the increased 
selectivity of the regenerative r.f. stage, and the 
receiver almost invariably becomes a two-handed- 


tuning device. Regeneration should not be over- 
looked: as an expedient, however, and amateurs 
have used it with considerable success. High-gm 
tubes are the best as regenerative amplifiers, 
and the feedback should not be controlled by 
changing the operating voltages (which should 
be the same as for the tube used in a high-gain 
amplifier) but by changing the loading or the 
feedback coupling. This is a tricky process and 
another reason why regeneration is not too widely 
used. 


Gain Control 


In a receiver front end designed for best signal- 
to-noise ratio, it is advantageous in the reception 
of weak signals to eliminate the gain control 
from the first r.f. stage and allow it to run “‘wide 
open”’ all of the time. If the first stage is con- 
trolled along with the i.f. (and other r.f. stages, 
if any), the signal-to-noise ratio of the receiver 
will suffer. As the gain is reduced, the gm of the 
first tube is reduced, and its noise figure becomes 
higher. A good receiver might well have two 
gain controls, one for the first radio-frequency 
stage and another for the 1.f. and other r.f. stages. 


Tuning a Receiver 


C.W. Reception 


For making code signals audible, the beat 
oscillator should be set to a frequency slightly 
different from the intermediate frequency. To 
adjust the beat-oscillator frequency, first tune 
in a moderately weak but steady carrier with 
the beat oscillator turned off. Adjust the receiver 
tuning for maximum signal strength, as indicated 
by maximum hiss. Then turn on the beat os- 
cillator and adjust its frequency (leaving the 
receiver tuning unchanged) to give a suitable 
beat note. The beat oscillator need not subse- 
quently be touched, except for occasional check- 
ing to make certain the frequency has not drifted 
from the initial setting. The b.f.o. may be set 
on either the high- or low-frequency side of zero 
beat. 

The best receiver condition for the reception of 
code signals will have the first r.f. stage running 
at maximum gain, the following r.f., mixer and 
if. stages operating with just enough gain to 
maintain the signal-to-noise ratio, and the audio 
gain set to give comfortable headphone or speaker 
volume. The audio volume should be controlled 
by the audio gain control, not the i.f. gain con- 
trol. Under the above conditions, the selectivity 
of the receiver is being used to best advantage, 
and cross-modulation is minimized. It precludes 
the use of a receiver in which the gains of the 
r.f, and if. stages are controlled simultaneously. 


Tuning with the Crystal Filter 


If the receiver is-equipped with a crystal filter 
the tuning instructions in the preceding para- 
graph still apply, but more eare must be used 
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both in the initial adjustment of the beat oscil- 
lator and in tuning. The beat oscillator is set as 
described above, but with the crystal filter set at 
its sharpest position, if variable selectivity is 
available. The initial adjustment should be made 
with the phasing control in an intermediate 
position. Once adjusted, the beat oscillator should 
be left set and the receiver tuned to the other 
side of zero beat (audio-frequency image) on 
the same signal to give a beat note of the same 
tone. This beat will be considerably weaker 
than the first, and may be “phased out” almost 
completely by careful adjustment of the phasing 
control. This is the adjustment for normal oper- 
ation; it will be found that one side of zero beat 
has practically disappeared, leaving maximum 
response on the other. 

An interfering signal having a beat note differ- 
ing from that of the a.f. image can be similarly 
phased out, provided its frequency is not too 
near the desired signal. 

Depending upon the filter design, maximum 
selectivity may cause the dots and dashes to 
lengthen out so that they seem to ‘‘run together.” 
It must be emphasized that, to realize the bene- 
fits of the crystal filter in reducing interference, 
it is necessary to do all tuning with it in the cir- 
cuit. Its high selectivity often makes it difficult to 
find the desired station quickly, if the filter 
is switched in only when interference is present. 


A.M. Phone Reception 


In reception of a.m. phone signals, the normal 
procedure is to set the r.f. and i.f. gain at maxi- 
mum, switch on the a.g.c., and use the audio gain 


Alignment Servicing 


control for setting the volume. This insures maxi- 
mum effectiveness of the a.g.c. system in com- 
pensating for fading and maintaining constant 
audio output on either strong or weak signals. 
On occasion a strong signal close to the frequency 
of a weaker desired station may take control of 
the a.g.c., in which case the weaker station may 
disappear because of the reduced gain. In this 
case better reception may result if the a.g.c. is 
switched off, using the manual r.f. gain control 
to set the gain at a point that prevents ‘“‘block- 
ing’ by the stronger signal. 

When receiving an a.m. signal on a frequency 
within 5 to 20 ke: from a single-sideband signal 
it may also be necessary to switch off the a.g.c. 
and resort to the use of manual gain control, 
unless the receiver has excellent skirt selectivity. 
No ordinary a.g.c. circuit can handle the syllabic 
bursts of energy from the sideband station, but 
there are special circuits that will. 

A crystal filter will help reduce interference in 
phone reception. Although the high selectivity 
cuts sidebands and reduces the audio output at 
the higher audio frequencies, it is possible to use 
quite high selectivity without destroying intelligi- 
bility. As in code reception, it is advisable to do 
all tuning with the filter in the circuit. Variable- 
selectivity filters permit a choice of selectivity to 
suit interference conditions. 

An undesired carrier close in frequency to a 
desired carrier will heterodyne with it to pro- 
duce a beat note equal to the frequency differ- 
ence. Such a heterodyne can be reduced by ad- 
justment of the phasing control in the crystal 
filter. 

A tone control often will be of help in reducing 
the effects of high-pitched heterodynes, sideband 


splatter and noise, by cutting off the higher audio 
frequencies. This, like sideband cutting with high 
selectivity circuits, reduces naturalness. 


Spurious Responses 


Spurious responses can be recognized without 
a great deal of difficulty. Often it is possible to 
identify an image by the nature of the trans- 
mitting station, if the frequency assignments 
applying to the frequency to which the receiver 
is tuned are known. However, an image also can 
be recognized by its behavior with tuning. If the 
signal causes a heterodyne beat note with the 
desired signal and is actually on the same fre- 
quency, the beat note will not change as the re- 
ceiver is tuned through the signal; but if the inter- 
fering signal is an image, the beat will vary in 
pitch as the receiver is tuned. The beat oscillator 
in the receiver must be turned off for this test. 
Using a crystal filter with the beat oscillator on, 
an image will peak on the side of zero beat op- 
posite that on which desired signals peak. 

Harmonic response can be recognized by the 
“tuning rate,’ or movement of the tuning dial 
required to give a specified change in beat note. 
Signals getting into the i.f. via high-frequency 
oscillator harmonics tune more rapidly (less dial 
movement) through a given change in beat 
note than do signals received by normal means. 

Harmonics of the beat oscillator can be rec- 
ognized by the tuning rate of the beat-oscillator 
pitch contro]. A smaller movement of the control 
will suffice for a given change in beat note than 
that necessary with legitimate signals. In poorly- 
shielded receivers it is often possible to find b.f.o. 
harmonics below 2 Mc., but they should be very 
weak at higher frequencies. 


Alignment and Servicing of Superheterodyne 
Receivers 


I.F. Alignment 

A calibrated signal generator or test oscillator 
is a useful device for alignment of ani.f. amplifier. 
Some means for measuring the output of the re- 
ceiver is required. If the receiver has a tuning 
meter, its indications will serve. Lacking an 
5S meter, a high-resistance voltmeter or a vacuum- 
tube voltmeter can be connected across the sec- 
ond-detector load resistor, if the second detector 
is a diode. Alternatively, if the signal generator 
is a modulated type, an a.c. voltmeter can be 
connected across the primary of the transformer 
feeding the speaker, or from the plate of the last 
audio amplifier through a 0.1-uf. blocking ca- 
pacitor to the receiver chassis. Lacking an a.c. 
voltmeter, the audio output can be judged by 
ear, although this method is not as accurate as 
the others. If the tuning meter is used as an indi- 
cation, the a.g.c. of the receiver should be turned 
on, but any other indication requires that it be 
turned off. Lacking a test oscillator, a steady 
signal tuned through the input of the receiver 
(if the job is one of just touching up the i.f. 


amplifier) will be suitable. However, with no 
oscillator and tuning an amplifier for the first 
time, one’s only recourse is to try to peak the 
if. transformers on “noise,” a difficult task if the 
transformers are badly off resonance, as they 
are apt to be. It would be much better to haywire 
together a simple oscillator for test purposes. 
Initial alignment of a new i.f. amplifier is as 
follows: The test oscillator is set to the correct 
frequency, and its output is coupled through a 
capacitor to the grid of the last i.f. amplifier 
tube. The trimmer capacitors of the transformer 
feeding the second detector are then adjusted 
for maximum output, as shown by the indicating 
device being used. The oscillator output lead is 
then clipped on to the grid of the next-to-the-last 
if. amplifier tube, and the second-from-the-last 
transformer trimmer adjustments are peaked for 
maximum output. This process is continued, 
working back from the second detector, until all 
of the i.f. transformers have been aligned. It 
will be necessary to reduce the output of the test 
oscillator as more of the i.f. amplifier is brought 
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into use. It is desirable in all cases to use the 
minimum signal that will give useful output 
readings. The i.f. transformer in the plate circuit 
of the mixer is aligned with thé signal introduced 
to the grid of the mixer. Since the tuned circuit 
feeding the mixer grid may have a very low im- 
pedance at the i.f., it may be necessary to boost 
the test generator output or to disconnect the 
tuned circuit temporarily from the mixer grid. 

If the if. amplifier has a crystal filter, the 
filter should first be switched out and the align- 
ment carried out as above, setting the test oscil- 
lator as closely as possible to the crystal fre- 
quency. When this is completed, the crystal 
should be switched in and the oscillator frequency 
varied back and forth over a small range either 
side of the crystal frequency to find the exact 
frequency, as indicated by a sharp rise in output. 
Leaving the test oscillator set on the crystal 
peak, the i.f. trimmers should be realigned for 
maximum output. The necessary readjustment 
should be small. The oscillator frequency should 
be checked frequently to make sure it has not 
drifted from the crystal peak. 

A modulated signal is not of much value for 
aligning a crystal-filter if. amplifier, since the 
high ‘selectivity cuts sidebands and the results 
may be inaccurate if the audio output is used as 
the tuning indication. Lacking the a.v.c. tuning 
meter, the transformers may be conveniently 
aligned by ear; using a weak unmodulated sig- 
nal adjusted to the crystal peak. Switch on the 
beat oscillator, adjust to a suitable tone, and 
align the i.f. transformers for maximum audio 
output. 

An amplifier that is only slightly out of align- 
ment, as a result of normal drift or aging, can 
be realigned by using any steady signal, such as 
a local broadcast station, instead of the test 
oscillator. One’s 100-ke. standard makes an ex- 
cellent signal source for ‘‘touching up” an i.f. 
amplifier. Allow the receiver to warm up thor- 
oughly, tune in the signal, and trim the i.f. for 
maximum output. 

If you bought your receiver instead of mak- 
ing it, be sure to read the instruction book care- 
fully before attempting to realign the receiver. 
Most instruction books include alignment 
details, and any little special tricks that are 
peculiar to the receiver will also be described in 
detail. 


R.F. Alignment 


The objective in aligning the r.f. circuits 
of a gang-tuned receiver is to secure adequate 
tracking over each tuning range. The adjustment 
may be carried out with a test oscillator of suit- 
able frequency range, with harmonics from your 
100-ke. standard or. other known oscillator, or 
even on noise or such signals as may be heard. 
First set the tuning dial at the high-frequency 
end of the range in use. Then set the test oscil- 
lator to the frequency indicated by the receiver 
dial. The test-oscillator output may be connected 
to the antenna terminals of the receiver for this 
test. Adjust the oscillator trimmer capacitor 
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in the receiver to give maximum response on 
the test-oscillator signal, then reset the receiver 
dial.to the low-frequency end of the range. Set 
the.test-oscillator frequency near the frequency 
indicated by the receiver dial and tune the test 
oscillator until its signal is heard in the receiver. 
If the frequency of the signal as indicated by the 
test-oscillator calibration is higher than that 
indicated by the receiver dial, more inductance 
(or more capacity in the tracking capacitor) is 
needed in the receiver oscillator circuit; if the 
frequency is lower, less inductance (less tracking 
capacity) is required in the receiver oscillator. 
Most commercial receivers provide some means 
for varying the inductance of the coils or the 
capacity of the tracking capacitor, to permit 
aligning the receiver tuning with the dial calibra- 
tion. Set the test oscillator to the frequency indi- 
cated by the receiver dial, and then adjust the 
tracking capacity or inductance of the receiver 
oscillator coil to obtain maximum response. After 
making this adjustment, recheck the high-fre- 
quency end of the scale as previously described. 
It may be necessary to go back and forth between 
the ends of the range several times before the 
proper combination of inductance and capacity 
is secured. In many cases, better over-all tracking 
will result if frequencies near but not actually at 
the ends of the tuning range are selected, instead 
of taking the extreme dia) settings. 

After the oscillator range is properly adjusted, 
set: the receiver and test oscillator to the high- 
frequency end of the range. Adjust the mixer 
trimmer capacitor for maximum hiss or signal, 
then the r.f. trimmers. Reset the tuning dial 
andtest oscillator to the low-frequency end of 
the range, and repeat; if the circuits afe properly 
designed, no change in trimmer settings should 
be necessary. If it is necessary to increase the 
trimmer capacity in any circuit, more inductance 
is needed; conversely, if less capacity resonates 
the circuit, less inductance is required. 

Tracking seldom is perfect throughout a tun- 
ing range, so that a check of alignment at inter- 
mediate points in the range may show it to be 
slightly off. Normally the gain variation will be 
small, however, and it will suffice to bring the 
circuits into line at both ends of the range. If 
most reception is in a particular part of the range, 
such as an amateur band, the circuits may be 
aligned for maximum performance in that region, 
even though the ends of the frequency range as a 
whole may be slightly out of alignment. 


Oscillation in R.F. or I.F. Amplifiers 


Oscillation in high-frequency amplifier and 
mixer circuits shows up as squeals or “birdies”’ 
as the tuning is varied, or by complete lack of 
audible output if the oscillation is strong enough 
to cause the a.g.c. system to reduce the receiver 
gain drastically. Oscillation can be caused by 
poor connections in the common ground circuits. 
Inadequate or defective bypass capacitors in 
cathode, plate and screen-grid circuits also can 
cause such oscillation. A metal tube with an un- 
grounded shell may cause trouble. Improper 


Improving Performance 


screen-grid voltage, resulting from a shorted or 
too-low screen-grid series resistor, also may be 
responsible for such instability. 

Oscillation in the i.f. circuits is independent 
of high- HEA USECY tuning, and is indicated by 


a continuous squeal that appears when the gain 
is advaf&iced with the c.w. beat oscillator on. It 
can result from defects in i.f.-amplifier circuits. 
Inadequate screen or plate bypass capacitance 
is a common cause of such oscillation. 


Improving the Performance of Receivers 


Frequently amateurs unjustly criticize a re- 
ceiver’s performance when actually part of the 
trouble lies with the operator, in his lack of 
knowledge about the receiver’s operation or. in 
his inability to recognize a readily curable fault. 
The best example of this is a complaint about 
“lack of selectivity’? when the receiver contains 
an if. crystal filter and the operator hasn’t 
bothered to learn how to use it properly. “Lack 
of sensitivity” may be nothing more than 
poor alignment of the r.f. and mixer tuning. 
The cures for these two complaints are obvious, 
and the details are treated both in this chapter 
and in the receiver instruction book. 

However, many complaints about selectivity, 
sensitivity, and other points are justified. In- 
expensive, and most second-hand, receivers can- 
not be expected to measure up to the perform- 
ance standards of some of the current and top- 
priced. receivers. Nevertheless, many amateurs 
overlook the possibility of improving the per- 
formance of these “‘bargains’”’ (they may or may 
not be bargains) by a few simple additions or 
modifications. From time to time articles in 
QST describe improvements for specific receiv- 
ers, and it may repay the owner of a newly- 
acquired second-hand receiver to examine past 


issues and see if an applicable article was pub- ’ 


lished. The annual index in each December 
issue is a help in this respect. 

Where no applicable article can be found, a 
few general principles can be laid down. If the 
complaint is the inability to separate stations, 
better if. (and occasionally audio) selectivity 
is indicated. The answer is not to be found in 
better bandspread tuning of the dial as is some- 
times erroneously concluded. For code reception 
the addition of a “‘Q Multiplier” to the 1. 
amplifier is a simple and effective attack; a 
(2 Multiplier is at its best in the region 100 to 
900 ke., and higher than this its effectiveness 
drops off. The Selectoject is a selective audio 
device based on similar principles. For phone 
reception the addition of a Q Multiplier will 
help to reject an interfering carrier, and the use 
of a BC-453 as a ‘“Q5-er” will add adjacent- 
channel selectivity. 

With the addition of more i.f. selectivity, it 
may be found that the receiver’s tuning rate 
(number of ke. tuned per dial revolution) 1s too 
high, and consequently the tuning with good 1.f. 
selectivity becomes too critical. If this is the 
case, a 5-to-1 reduction planetary dial drive 
mechanism may be added to make the tuning 


rate more favorable. These drives are sold by 
the larger supply houses and can usually be 
added to the receiver if a suitable mounting 
bracket is made from sheet metal. If there is 
already some backlash in the dial mechanism, 
the addition of the planetary drive will magnify 
its effect, so it is necessary to minimize the 
backlash before attempting to improve the tuning 
rate. While this is not possible in all cases, it 
should be investigated from every angle before 
giving up. Replacing a small tuning knob with a 
larger one will add to ease of tuning; in many 
cases after doing so it will then be desirable or 
necessary to raise the receiver higher above the 
table. 

If the receiver appears to lack the ability to 
bring in the weak signals, particularly on the 
higher-frequency bands, the performance can 
often be improved by the addition of an antenna 
coupler (described elsewhere in this chapter); 
it will always be improved by the addition of a 
preselector (also described elsewhere in this 
chapter). 

If the receiver shortcoming is inadequate r.f. 
selectivity, as indicated by r.f. “images” on the 
higher-frequency bands, a simple antenna coupler 
will often add sufficient selectivity to cure the 
trouble. However, if the images are severe, it is 
likely that a preselector will be required, pref- 
erably of the regenerative type. The preselector 
will also add to the ability of the receiver to 
detect weak signals at 14 Mc. and higher. 

In many of the inexpensive receivers the fre- 
quency calibration of the dial is not very accur- 
ate. The receiver’s usefulness for determining 
band limits will be greatly improved by the 
addition of a 100-ke. crystal-controlled frequency 
standard. These units can be built or purchased 
complete at very reasonable prices, and no ama- 
teur station worthy of the name should be 
without one. 

Some receivers that show a considerable fre- 
quency drift as they are warming up can be 
improved by the simple expedient of furnishing 
more ventilation, by propping up the lid or 
by drilling extra ventilation holes. In many 
cases the warm-up drift can be cut in half. 

Receivers that show frequency changes with 
line-voltage or gain-control variations can be 
greatly improved by the addition of regulated 
voltage on the oscillators (high-frequency and 
b.f.o.) and the screen of the mixer tube. There 
is usually room in any receiver for the addition 
of a VR tube of the right rating. 


113 


9 — HIGH-FREQUENCY RECEIVERS 


The “SimpleX Super’ 


The name of this receiver derives from ‘‘sim- 
ple”, “‘X” for crystal (filter), and “supér”’ for 
superheterodyne; hence a ‘‘simple crystal-filter 
superheterodyne.’’ For about fifty dollars and a 
few nights at the workbench this little receiver 
will allow you to copy practically any ec.w. or 
s.s.b. signal in the 40- or 80-meter band that a 
much more expensive receiver might drag in. By 
the flip of a switch you can tune to 5 Me. for 
WWy. 

This 3-tube receiver will permit the single- 
signal reception of code signals. Single-sideband 
phone can be handled with no difficulty at all. 
With the b.f.o. turned off for the reception of a.m. 
signals, a threshold effect shows up that prevents 
digging all the way down for the weak ones, but 
one can still copy plenty of a.m. signals. Since the 
receiver uses only three tubes, it doesn’t have the 
more-than-enough gain of a big receiver, and its 
performance won’t be very impressive on a poor 
(short or low) antenna. However, if the trans- 
mitting antenna is also used for receiving, you 
will find yourself backing down on the volume 
control to save your ears. 

Referring to the circuit diagram in Fig. 5-29, 
the receiver is a superheterodyne with an inter- 
mediate frequency of 1700 ke. With the h.f. oscil- 
lator tuning 5.2 to 5.7 Mce., the 3.5- or the 7-Me. 
amateur bands can be tuned merely by retuning 
the input circuit, Z1Cy. Since C; is large enough 
to hit the two bands without a coil change, the 
band-changing process consists of turning Cy to 
the low- or high-capacitance end of its range. To 
copy WWV at 5 Mc., the oscillator must be 
tuned to 3.38 Mc., and this is done by switching in 
an additional capacitor across the oscillator 
circuit. 

If you are disappointed because the receiver 
doesn’t tune the 21-Me. band, remember that the 
“‘under-$100”’ receivers don’t either. Sure, the 
dials show 21 Mce., but try to use the receivers to 
hold a signal for any length of time! The Simple X 
Super, with a crystal-controlled converter be- 
tween it and the antenna, will handle 15 meters 
like 80. 

Selectivity at the i.f. is ob- 
tained through the use of a 
single crystal. Although not as 
sharp as the usual 455-kc. 
crystal filter, it is sharp enough 


Fig. 5-28—The SimpleX Super 
receiver uses three dual tubes 
and a crystal filter to cover the 
80- and 40-meter bands, and 
it can tune to 5 Mc. for copying 
W WY. The dial scale is made 
from white paper held to the 
panel by red Scotch tape; the 
pointer is a slice of the tape. 


’ Three-Tube Receiver 


to provide a fair degree of single-signal c.w. re- 
ception and yet broad enough for good copy of 
an s.s.b. phone signal. 

In the detector stage, the pentode section of a 
6U8A is used as a grid-leak detector, and the 
triode section serves as the b.f.o. Stray coupling 
at the socket and in the tube provides adequate 
injection. Audio amplification is obtained from 
the two triode sections of a 6CG7. The primary 
of a small output transformer, 7, serves as the 
coupling for high-impedance headphone output, 
and a small loudspeaker or low-impedance head- 
phones can be connected at the output winding 
of the transformer. Although the audio power 
output is less than a watt, it is sufficient to drive 
a loudspeaker adequately in a small quiet room. 

The power supply uses a large choke and two 
40-uf. capacitors, and the very slight hum that 
can be detected in the headphones with the vol- 
ume full on is stray a.c. picked up by the detector 
grid; it doesn’t come from inadequate filtering of 
the power supply. (The hum can only be heard 
with no antenna on; under normal operation the 
incoming noise will mask the slight hum.) 

A switch at the input of the receiver is included 
so that the receiver can be used to listen to one’s 
own transmitter without too severe blocking. 
Using the b.f.o. switch to cut in the WWYV pad- 
der was done (instead of by the more logical Sj) 
to keep the input short-circuiting leads short. 

An 8 X 12 X 3-inch aluminum chassis takes 
all of the parts without crowding, and the loca- 
tion of the components can be seen in the photo- 
graphs. The 714 X 13-inch aluminum panel 
(46-inch thick) is held to the chassis by the b.f.o. 
capacitor mounting screws, the phone jack, the 
dial drive and the two rotary switches. The tuning 
capacitor C2 is mounted on a small aluminum 
bracket made from an extra strip of the panel 
material; before the bracket is finally fastened to 
the chassis the capacitor and bracket should be 
used to locate the dial hole on the panel. When 
drilling the hole for the dial drive, measure the 
dimension instead of using the template provided 
with the National K dial. It pays to take care in 
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mounting the tuning capacitor and the dial, since 
a smooth tuning drive is an essential in any 
receiver. To facilitate tuning, a National HRT 
knob was used instead of the puny knob furnished 
with the K dial. The other knobs are gray Na- 
tional HR and HR-4. 

Tie points are used liberally throughout the 
receiver, as junctions for components and inter- 
connecting wires. The coils L; and Le are mounted 
on tie points, using short leads. If the leads from 
LE, are too long, the coil will be “floppy”’ and the 
receiver may be unstable. Fig. 5-30 shows how 
coils LZ; and Le are constructed and connected. 
The leads from Cy and C2 are brought through 
the chassis in insulating grommets. The 3- to 30- 
wuf. mica compression trimmer across Le is sol- 
dered to the tie points that support the coil. 

The receiver is wired with shielded wire for 
many of the leads, in an effort to minimize hum 
in the audio and feedthrough around the erystal 
filter. The shielded leads are marked in Fig. 5-29 
where feasible; the simple rule to follow is to 
shield all B+ leads along with those shown 
shielded in Fig. 5-29. For easy of wiring, these 
shielded leads should be installed first or at least 
early in the construction. As the wiring pro- 
gresses, a neat-looking unit can be obtained by 
dressing the leads and components in parallel 
lines or at right angles. D.c. and a.c. leads can be 
tucked out of the way along the edges of the 
chassis, while r.f. leads should be as direct as is 
reasonable. 

If this is your first receiver or construction job, 
there are several pitfalls to be avoided. When in- 
stalling a tube socket, first give a little thought 
to where the grid and plate leads will run, and 
orient the socket so that these leads will be direct 
and not cross over the socket. 

Another thing to look out for is the well- 
meaning store clerk who sells you stranded wire 
for making the connections throughout the re- 
ceiver. The only stranded wire in this receiver is 
in the leads from the transformers, filter capacitor 
and filter choke, and in the shielded wire, and all 
this only because there was no choice. Where 
stranded wire is used, be very careful to avoid 
wild strands that stray over to an adjacent socket 
terminal and short-circuit a part of the circuit 
without your knowing it. No. 20 or 22 insulated 
solid tinned copper wire should be used for con- 
nections wherever no shielding is used. Long bare 
leads from resistors or capacitors should be cov- 


116 


21t. 


ii 


Fig. 5-30—Details of the coil construction. 
Each one is made from B & W 3016 Mini- 
ducter stock, which is wound 32 t.p.i. and 1 -inch 
diameter. The separation between coils in Li 
is 7 turns; the separation between coils Le is 1 
turn. It is important that the coils be connected 
as indicated. The Miniductor stock can be cut 
into the required lengths by pushing in a turn, 
cutting it inside the coil and then pushing the 
newly cut ends through :tq outside the coil. 
Once outside, it is easy to peel away the wire 
with the help of long-nose pliers. When suffi- 
cient turns have been removed, the support 
bars can be cut with a fine saw. 


GRID 


ered with insulating tubing unless they go to 
chassis grounds. 

The final bugaboo is, of course, a poorly- 
soldered connection. If this is your first venture, 
by all means practice soldering before you start to 
wire this receiver. Read an article or two on how 
to solder, or get a friend to show you how and to 
criticize your first attempts. A good soldering 
iron is an essential; there have been instances of a 
first venture having been “‘soldered”’ with an iron 
that would just barely melt the solder; the iron 
was incapable of heating the solder and work to 
the point where the solder would flow properly. 

There is no need to worry about the dial scale 
when the receiver is first built, because the re- 
ceiver has to be checked. The scale is a sheet of 
white paper held in place by red or black Scotch 
tape. The dial pointer is a slice. of the same tape. 

When the wiring has been completed and 
checked once more against the circuit diagram, 
plug in the tubes and the line cord and turn on 
the receiver through S3. The tube heaters and 
rectifier filament should light up and nothing 
should start to smoke or get hot. If you have a 
voltmeter you should measure abu 250 volts 
on the B+ line. 

With headphones plugged in the receiver, you 
should be able to hear a little hum when the 
volume control is advanced all the way. If you 
can’t hear any hum, touching a screwdriver to 
Pin 2 should produce hum and a loud click. This 
shows that the detector and audio ates are 
working. 

The next step is to tune La, fia pee Ls to 1700 
ke., the crystal frequency. If you have or can 
borrow a signal generator, put 1700-ke. r.f. in at 
the grid of the 6U8A mixer and peak Lz and La. 
Lacking a signal generator, you may be lucky 
enough to find a strong signal by tuning around 
with Ce, but it isn’t likely. Your best bet is to tune 
a broadcast receiver to around 1245 kc.; if the 
receiver has a 455-ke. i.f. the oscillator will then 
be on 1700 ke. Don’t depend upon the calibration 
of the broadcast receiver; make your own by 
checking known stations. The oscillator of the 
broadcast receiver will furnish a steady (possibly 
hum-modulated) carrier that ean be picked up 
by running a wire temporarily from the grid of 
the 6U8A mixer to a point near the chassis of the 
b.e. receiver. Adjust Ls until you get a beat with 
the 1700-ke. signal, and then peak-Z3 and L4. 
If the signal gets too loud, reduce the signal by 


Simple X Super 


Fig. 5-31—Top view of the SimpleX Super. The tube be- 

tween the two variable capacitors is the mixer-oscillator 

6U8A; the 6CG7 audio amplifier is at the far right. The 

flexible insulated coupling between main tuning dial and 
the tuning capacitor is a Millen 39016. 


moving the wire away from the b.c. receiver. Now 
slowly swing the signal frequency back and forth 
with the b.f.o. turned off; you should find a spot 
where the noise rushes up quickly and then drops 
off. This is the crystal frequency, and Ls and L4 
should be peaked again on this frequency if you 
were a little off the first time. 

An antenna connected to the receiver should 
now permit the reception of signals. With C, 
nearly unmeshed, you will be in the region of the 
7-Mc. band, and with C; almost completely 
meshed, you will be near 3.5 Mc. Do your tuning 
with the compression trimmer in the oscillator 
circuit, until you find a known frequency (it can 
be your own transmitter). Let’s say your trans- 
mitter has a crystal at 3725 kc. Set C2 at half 
capacitance and tune with C¢ until you hear your 
transmitter. You shouldn’t need any antenna on 
the receiver for this test. Once you have the set- 
ting for the trimmer, put the antenna on the re- 
ceiver and look around for other known signals. 
(CHU, the Canadian standard-frequency sta- 
tion at 7335 ke., is a good marker.) With luck you 
should just be able to cover the 
80-meter band; if you can get 
one end but not the other, a 


Fig. 5-32—Shielded wire, used for 
most of the d.c. and 60-cycle leads, 
lends to the clean appearance un- 
derneath the chassis. The switch at 
the left shorts the input of the re- 
ceiver, and the adjacent switch 
handles the b.f.o. and the padding 
capacitor for WWV. 


The phono jack at the top left is for 
the antenna; the other phono jack is 
for low-impedance audio output. The 
headphone jack (lower right) is for 
high-impedance audio output. 


minor readjustment of the trimmer is indicated. 

Once you have acquainted yourself with the 
80- and 40-meter bands, and appreciate that you 
have to peak up the input circuit (C1) fairly often 
as you tune across the bands, you are ready to 
trim up the crystal filter. Run the volume fairly 
high, so that you can hear noise from the prop- 
erly peaked input circuit, and turn C3 until the 
noise takes on a higher-pitched characteristic. 
(The b.f.o. stage is originally set up with C3 at 
midcapacitance and Ls adjusted for lowest- 
pitched noise.) Now tune in a code signal with C2 
and swing back and forth through it. ‘‘One side”’ 
of the signal should be louder than the other. 
Tune to the weak side with a beat note of around 
800 cycles and then adjust C4 for minimum signal. 
After a few attempts, Juggling C3, C4, L3 and La, 
you should get a condition where the single-signal 
c.w. effect is quite apparent. 

All that remains is to install the dial scale and 
calibrate it. A 100-kc. oscillator is ideal for this 
job; lacking one or the ability to borrow one, you 
will have to rely on other signals. If your, crystal 
filter is 1700 kc. exactly, the 80- and 40-meter 
calibrations will coincide as they do on the scale 
shown in Fig. 5-33; if not, the calibration marks 
will be offset on the two bands. 

If you find that you can’t get WWV at 5 Mc. 
with the 150-uyuf. capacitor switched in, substitute 
a 130-yyf. mica in parallel with a 30-uuf. trimmer, 
and adjust so that WWYV falls on scale. 

As you acquaint yourself with the operation of 
the receiver, you will notice that tuning C; will 
have a slight effect on the tuning of the signal. 
In other words, tuning C, “pulls” the oscillator 
slightly. To remedy this would have made the 
recelver more complicated, and the simple solu- 
tion is merely to first peak Cy; on noise and then 
tune with Co. 

You will find this to be a practical receiver in 
every way for the c.w. (or s.s.b.) operator. The 
tuning rate is always the same on 80 or 40, or 
15 with a converter, and 21-Mc. s.s.b. signals 
tune as easily as those on 3.9 Mc. The warm-up 
drift is negligible, and the oscillator is surprisingly 
insensitive to voltage changes. Whether or not 
the oscillator is insensitive to shock and vibration 
will depend upon the care with which the compo- 
nents are anchored to their respective tie points. 
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The 2X4+1 Superheterodyne 


The receiver shown in Figs. 5-33, 5-36 and 5-37 
is a two-band four-tube (2X4) receiver with a 
transistor (+1) 100-ke. frequency standard. 
Other features include the ability to tune to 5 
Mce., for the reception of WWYV, and a dual- 
crystal filter for single-sideband and single-signal 
c.w. reception. Tuning the 40- and 80-meter ama- 
teur bands with good stability and selectivity, 
the receiver can be used on other bands by the 
addition of crystal-controlled converters ahead 
of it. 

Referring to the circuit in Fig. 5-34, the 
pentode section of a 6U8-A is used as a mixer, 
with the triode portion of the same tube serving 
as the oscillator. The 1.f. is 1700 ke. and the 
oscillator tunes 5.2 to 5.7 Mc.; tuning the input 
circuit to the 80-meter band brings in 80-meter 
signals, and all that is required to hear 40-meter 
signals is to swing the input tuning, Cj, to the 
low-capacitance end of its range. Although, e.g., 
a 7.05-Mce. (5.35 + 1.7) and a 3.65-Me. (5.35 — 
1.7) signal will appear at the same setting of the 
tuning dial, the two signals cannot be received 
simultaneously because the double-tuned circuit, 
Cia Ly and Cip L3, between antenna and mixer 
grid provides the necessary rejection. To provide 
optimum coupling in both ranges, the coupling 
capacitance is changed by a switch, S1, actuated 
by the shaft of Ci. Thus the coupling change 
takes place automatically as the capacitor is 
tuned to the desired band. To make the two cir- 


cuits track over the entire range, a 3- to 30-uyf 
trimmer is provided to'‘compensate for the-input 
capacitance of the mixer. For WWV reception, 
capacitance C's is added to the oscillator circuit 
to bring its frequency to 3.3 Mc. 

The mixer is followed by the dual crystal filter 
at 1700 ke. and a stage of 1.f. amplification. Lf. 
gain is manually controlled by a variable bias 
control in the cathode circuit of the 6BA6 if. 
amplifier stage. A triode section of a 6CG7, Vea, 
serves as a grid-leak detector, and the other sec- 
tion is used as the b.f.o. A two-stage audio 
amplifier follows, providing high-impedance out- 
put for headphones or low-impedance output for a 
loudspeaker. The audio power is sufficient to give 
more than enough high-impedance headphone 
volume and quite adequate loudspeaker volume 
in a quiet room. 

The power supply includes a 0C3 to supply 
regulated 105 volts for the two oscillators and the 
screen of the mixer. 

The transistor 100-kc. calibration oscillator 
uses for its power source the 8 volts developed 
across the cathode resistor of V3p. Switch Ss 
turns the oscillator on and off and also adds the 
capacitance to the oscillator circuit that permits 
WWYV reception. The four positions of S3 are 
OFF — wwv (only) —catL (oscillator only) — 
BoTH. Although the 100-ke. standard is not 
essential to the operation of the receiver, its in- 
clusion will be found to be quite valuable. 


Fig. 5-33—The 2X4 + 1 superheterodyne is a four-tube receiver with 7-tube performance. It tunes the 80- and 40- 
meter amateur bands, and provision is included for receiving WWVY on 5 Me. A built-in crystal oscillator provides 100-kc. 
frequency markers throughout the bands. Black knob on the left-hand side controls the 
calibration oscillator and the WWY reception. 
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ROTOR 


PARTITION 
GROUND 


CHASSIS 


Fig. 5-35—The cam-operated switch, $1, is made from 
the contacts and insulators taken from an open-circuit 
phone jack (Mallory 703) and mounted on an aluminum 
bracket. The cam, mounted on the shaft of Ci, is made by 
grinding one side of a small insulated knob (Johnson 
116-214-1). Switch is open during minimum-capacitance 
half of capacitor range. Bracket is made froma 14 X 
32-inch strip of aluminum; the shelf is 94-inch deep. 


Construction 


The receiver is built on an 8 X 12 X 3-inch 
aluminum chassis. A panel can be made from 
16-inch thick sheet aluminum or from a standard 
84-inch rack panel. While the rack panel will be 
more substantial, it really isn’t necessary, and the 
14-inch stock will be adequate. The panel is held 
to the chassis by the b.f.o. capacitor, Cs, the 
line/b.f.o. switch, Se, the dial, and an extra pair 
of 6-32 screws. 

It is worth while to mount the tuning capacitor, 
C7, as accurately as possible with respect to the 
National ICN dial. For minimum backlash and 
maximum strength, C7 is mounted on a three- 
sided aluminum housing that is securely fastened 
to the chassis on three sides by 3¢-inch lips. A 
good flexible insulated coupling should be used 
between dial and capacitor shaft—a Millen 
39006 is shown in the photograph. 

The location of most of the major components 
can be determined by reference to the photo- 
graphs. The inductors £12, Lz and L4Ls are sup- 
ported by suitable tie strips, as are the two 
480-uuf. mica compression trimmers, Ce and C3, 
in the crystal filter circuit and the pair of 330-uyf. 
capacitors in the b.f.o. £,L2 should be wired so 
that the outside ends go to antenna and grid, 
and L4L5 should be wired with outside ends to 
plate and grid. 

Details of the only unusual construction, the 
cam-operated switch S;, are shown in Fig. 5-35. 
Note that the associated .006- and .01-yf. cou- 
pling capacitors are mounted above the chassis; 
a clearance hole with a rubber grommet is pro- 
vided in the chassis for the common lead back to 
Lo and Lz. 

Since the rotor of Cy; must not make contact 
with the panel, a large clearance hole must 
be provided for the shaft bushing, and a pair 
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of extruded fiber washers used to insulate the 


bushing from the panel. A brass screw or bayonet 


lug should be set into the chassis at the shield 
partition between the two stators of Cj, and 
the shield soldered to this chassis connection. 
The 3- to 30-uuf. compression trimmer across 
Cia can be soldered between rotor and shield 
partition. 

Many of the connections are made with 
shielded leads, to minimize hum and chances for 
feedback or feedthrough. The shielded leads are 
indicated in Fig. 5-34. The lead from the antenna 
jack is run in RG-58/U coaxial cable, as is the 
short lead from C's to a 330-uuf. capacitor. Heater 
leads to the tubes are made of shielded wire. 


Alignment 


The alignment procedure can be simplified if a 
short-wave receiver or a signal generator can be 
borrowed. Lacking these, a grid-dip meter can be 
used to provide a signal source and to check the 
resonances of the tuned circuits. If the 100-ke. 
oscillator can be checked on another receiver, it: 
can be used to align the receiver. A broadcast 
receiver will tell if the 100-ke. oscillator is func- 
tioning — it should be possible to identify sev- 
eral of the oscillator’s harmonics at 100-ke. 
intervals in the broadcast band, by the reduches 
in noise at those points. 

The audio amplifier of the receiver can be 
checked by turning on the receiver and listening 
to the headphones as the audio gain control is 
advanced. When it is full clockwise a low-pitched 
hum should be just audible in the headphones. 
A further check can be made by bringing a finger 
near the arm of the audio gain control — the hum 
should increase. 

If a means is available for checking the fre- 
quency of the b.f.o., it should be turned on at So 
and set on or about 1700 ke. by means of the slug 
in Lg. Do this with Cg set at half scale. If a broad- 
cast receiver is the only measuring equipment 
you have, a 1700-ke. signal can be derived from 
it by tuning the receiver to 1245 ke., which puts 
its oscillator on 1700 ke. if the standard 455-ke. 
i.f. is used. A wire from around the receiver to 
the 2X4+1 should provide sufficient signal. 
Feeding a 1700-ke. signal into the detector by 
laying the source wire near the grid of the 6BA6 
(i.f. gain arm at ground), it should be possible to 
peak Z7 for maximum signal and, as the signal 
frequency is changed slightly, a change in pitch 
of the whistle should be heard. With no incoming 
signal, a slight rushing noise should be heard in 
the headphones when the b.f.o. is switched on by 
So. If this rushing noise is just barely discernible 
increase the capacitance at Cy by adding a few 
more twists. 

If the oscillator Vip is operating, a voltmeter 
connected across the 4700-ohm 1-watt resistor in 
its plate lead should show an increase in voltage 
when the stator of Cs or C; is shorted to ground 
momentarily with a screwdriver or other con- 
ductor. Connect the + lead of the voltmeter to 
the side of the resistor running to + 105 and the 
— connection to the .001-uf. side. If the oscillator 
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doesn’t work, it may be because the outside turns 
of La and Ls are not connected to plate and grid 
respectively. With the b.f.o. on and Ci almost 
fully meshed, set the tuning capacitor C7 at about 
90 per cent full capacitance. Run Cs to full 
capacitance and slowly reduce capacitance. At 
one point you should hear a loud signal, the 
second harmonic of the b.f.o. at 3400 ke. If the 
b.f.o. is reasonably close to frequency, turning on 
the calibration oscillator should give a weaker 
signal nearby (on the main tuning dial). Tune 
C7 to a higher frequency (less capacitance) and 
you should hear another weaker signal, the 35th 
harmonic of the oscillator (3500 ke.). Peak C1 for 
maximum signal and leave it. Run C7 back to 
about 90 per cent full capacitance and then 
slowly reduce capacitance at Cs until the 35th 
harmonic of the oscillator is again heard. If a 
3500-ke. signal is available the adjustment can 
be made in a more straightforward manner. 
Once the oscillator trimmer C's has been set to 
give the proper tuning range of the oscillator cir- 
cuit (5.2 to 5.7 Mc.), the next problem is that of 
adjusting the crystal filter circuit. With a capaci- 
tance bridge, or a grid-dip meter and an induc- 
tance, are set the two capacitors C2 and C3 at the 
same capacitance (near maximum compression) 


before soldering them in the receiver. The actual 
value of capacitance isn’t important. Lacking 
these instruments, tighten the capacitors to full 
compression and then loosen their screws by 34 
turn. Tune in a signal—it can be from the 
100-ke. oscillator or any other steady source — 
and peak Lg for maximum response. Tune off the 
signal until it disappears and set the pitch control, 
Cs, to a point where the background noise is 
reasonably high-pitched. This is easy to de- 
termine because at the lowest-pitched point there 
will be an increase in hum; make the lowest- 
pitched point the center of the knob scale by ad- 
justment of Zs, and then set the pitch control to 
one end of its range. Tune back to the signal and 
‘“rock’’ the tuning, C7, as you change the adjust- 
ment of Lg. Look for a condition that gives con- 
siderably more response on one side of zero beat 


than on the other. It is a good idea to buy several 


extra 1700-ke. crystals and try them in different 
combinations. Small changes in the setting of C2 
or C3 will have an effect on the selectivity char- 
acteristic, but bear in mind that a change in C2 
or C3 must be compensated for by a readjustment 
of Lg. With a little patience it should be possible 
to obtain a marked difference in the output 
strength on the two sides of zero beat. This will 


Fig. 5-36—Top view of the 2X4 + 1 receiver. The dual capacitor at the left tunes the receiver input; a homemake cam 
switch on its shaft changes the coupling between the two bands. The main tuning capacitor, rear center, is mounted on 
a three-sided aluminum bracket for maximum stability. The tube to the left of the bracket is the 6U8-A mixer-oscillator 
stage, and the 6BA6 i.f. stage is in front of the main tuning capacitor. The remaining tubes in shields are the 6CG7 
detector/b.f.o. and the audio 6CG7 (near panel). Metal can plugged in socket above 
antenna jack houses 100-kc. calibrating crystal. 
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‘flip over” to the other side if the pitch control 
is set at the other end of its range. 

The remaining alignment job consists of bring- 

ing the input circuits into resonance: on both 
bands. With a signal tuned in at:40 meters, 
“rock’’ Cy back and forth to see if there are two 
(close-together) points where the signal peaks. 
If there are, adjust the 3-30-uyf. trimmer across 
Lz until only one peak is found. Check on 80 
meters in a similar fashion. If for any reason it 
is found that the two-peak condition can be 
eliminated on only one band at a time, it indi- 
cates an abnormal amount of antenna reactance, 
and a compromise adjustment will have to be 
made. 
_In operation, the receiver input control, C4, 
should be set for maximum volume on the in- 
coming signal or noise. The i.f. gain should be 
run at close to maximum on all but the loudest 
signals, and the audio gain control should be set 
for comfortable headphone or speaker volume. 
If an antenna changeover relay is used, it may be 
possible to monitor your own transmitter by de- 
tuning the input circuit to another band; this 
ability will depend upon the transmitter power 
and field in the vicinity of the receiver. 


Frequency Standard 


No trouble should be encountered with the 
100-ke. oscillator if care is exercised in handling 
the transistor. When soldering its leads in place, 
hold the lead with a pair of pliers; the metal cf 
the pliers will absorb heat and prevent injury to 
the transistor. 

To tune the receiver to WWV, set Cz to mid 
scale, set S3 at the WWV position, peak Ci on 
noise and slowly tune with C's. On a busy day a 
wide variety of signals will be heard in this region; 
look for one with steady tone modulation and 
time ticks. If it can’t be found within the range of 
Cs, set C7 near one end of its range and try again. 
An alternate method is to disconnect the an- 
tenna, establish the position on the tuning dial 
(C7) of several 100-ke. harmonics, connect the 
antenna and investigate each one of these fre- 
quencies. Depending upon one’s geographical 
location, there will be times when WWYV cannot 
be heard on 5 Me., so don’t be discouraged by 
failure on the first try. Once WWV has been 
located with good strength, the 50th harmonie 
of the 100-ke. crystal can be brought to zero beat 
with WWY by adjustment of C4. 


Fig. 5-37—The input inductors Lil2 are supported by a terminal strip on the side of the chassis (upper right), and Ls is 
supported nearby by a terminal strip mounted on the chassis. The coils are at right angles to minimize inductive coupling. 
The oscillator inductors, L4ls, are also supported by a terminal strip (top center). A mica compression trimmer to the left 
of the oscillator inductors is used to center WWV on the tuning dial; the pair of 
compression trimmers below L3 are in the crystal filter circuit. 
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Selective Convertor 


A Selective Converter for 80 and 40 Meters 


Many inexpensive ‘“‘communications”’ receivers 
are lacking in selectivity and bandspread. The 
80~ and 40-meter performance of such a receiver 
can be improved considerably by using ahead of 
it the converter shown in Figs. 5-38 and 5-40. 
This converter is not intended to be used ahead 
of a broadcast receiver except for phone recep- 
tion, because the b.c. set has no b.f.o. or manual 
gain control, and both of these features are neces- 
sary for good c.w. reception. The converter can be 
built for less than $20, and that cost can be cut 


Fig. 5-38—Used ahead of a small receiver that tunes to 

1700 kc., this converter will add tuning ease and selec- 

tivity on the 80- and 40-meter bands. The input capacitor 

is the dua! section unit at the upper left-hand corner. The 

crystal and the tuning slug for Le are near the center at the 
foreground edge. 
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Fig. 5-39—Circuit diagram of the 80- and 40-meter con- 
verter. All capacitances given in uuf. unless otherwise 
noted. 


C:—365-upf. dual variable, t.r.f. type. 

Co—3-30-uyf. trimmer. 

C3—15-yuf. variable (Bud 1850, Cardwell ZR-15AS, 
Millen 20015). 

Li, Le, Ls, La, ls—B & W No. 3016 Miniductor, 1-inch 
diameter, 32 turns per inch, No. 22 wire, cut 
as below. 

Li—8 turns separated from lz by one turn (see text). 


appreciably if the power can be ‘‘borrowed”’ from 
another source. 

The converter uses the tuning principle em- 
ployed in the two-band superheterodynes de- 
seribed earlier in this chapter. A double-tuned in- 
put circuit with large capacitors covers both 80 
and 40 meters without switching, and the oscil- 
lator tunes from 5.2 to 5.7 Mc. Consequently with 
an 1f. of 1700 ke. the tuning range of the con- 
verter is 3.5 to 4.0 Me. and 6.9 to 7.4 Me. 
Which band is being heard will depend upon the 
setting of the input circuit tuning (C, in Fig. 
5-39). The converter output is amplified in the 
receiver, which must of course be set to 1700 ke. 
To add selectivity, a 1700-ke. quartz crystal 
is used in series with the output connection. 
A small power supply isshown with the converter, 
and some expense can be eliminated if 300 volts 
d.c. at 15 ma. and 6.3 volts a.c. at_0.45 ampere 
is available from an existing supply. 


Construction 


The unit is built on a 7 X 11 X 2-inch alumi- 
num chassis. The front panel is made from a 
6 X 7-inch piece of aluminum. The power supply 
is mounted to the rear of the chassis and the 
converter components are in the center and front. 
The layout shown in the bottom view should be 
followed, at least for the placement of Ly, Lo, Lg 
and Lig 

The input and oscillator coils are made from a 
single length of B & W Miniductor stock, No. 
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Le, Ls—19 turns. 

L4—21 turns separated from Ls by one turn. 

L5—8 turns. 

Le—105-200-uh. slug-tuned coil (North Hills Electric 
120H). 

L7—See text. 

Crystal—1700 kc. (E. B. Lewis Co. Type EL-3). 
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3016. Count off 31 turns of the coil stock and 
bend the 32nd turn in toward the axis of the coil. 
Cut the wire at this point and then unwind the 
32nd turn from the support bars. Using a hacksaw 
blade, carefully cut the polystyrene support bars 
and separate the 31-turn coil from the original 
stock. Next, count off 9 turns from the 31-turn 
coil and cut the wire at the 9th turn. At the cut 
unwind a half turn from each coil, and also un- 
wind a half turn at the outside ends. This will 
leave two coils on the same support bars, with 
half-turn leads at their ends. One coil has 21 
turns and the other has 8 turns, and they are 
separated by the space of one turn. These coils 
are L4 and Ls. 

The input coils Z; and Ly are made up in the 
same manner. Standard bakelite tie points are 
used to mount the coils. Two 4-terminal tie 
points are needed for 1,LZ, and L4L;5, and a one- 
terminal unit is required for Ls. The plate load 
inductance Lis a 105-200 wh. variable-inductance 
coil (North Hills 120H). The coupling coil L7 is 45 
turns of No. 32 enam. scramble-wound adjacent 
to Lg. If the constructor should have difficulty in 
obtaining No. 32 wire, any size small enough to 
allow 45 turns on the coil form can be substituted. 

The input capacitor, Cy, is a 2-gang t.r.f. 
variable, 365 uf. per section. As both the stators 
and rotor must be insulated from the chassis, ex- 
truded fiber washers should be used with the 
screws that hold the unit to the chassis. The 
panel shaft hole should be made large enough to 
clear the rotor shaft. 

A National type O dial assembly is used to 
tune C3. One word of advice when drilling the 
holes for the dial assembly: the template furnished 
with the unit is in error on the 2-inch dimension 
(it is sightly short) so use a ruler to measure the 
hole spacing. 

In wiring the unit, it is important that the 
output lead from the crystal socket be run in 
shielded wire. A phono jack is mounted on the 
back of the chassis, and a piece of shielded lead 
connects from the jack to the crystal socket 
terminal. The leads from the stators of Cy and 
C3 are insulated from the chassis by means of 
rubber grommets. 


Fig. 5-40—Bottom view of the converter 

showing placement of parts. The coil at the 

lower left is L3, and the input coil, Lil, is 

just to the right of L3. The oscillator ccil 

Lals, is at the left near the center. The out- 
put coil, Le, is near the top center. 
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Testing and Adjustment 

A length of shielded wire is used to connect the 
converter to the receiver: the inner conductor of 
the wire is connected to one antenna terminal; 
the shield is connected to the other terminal and 
grounded to the receiver chassis. The use of 
shielded wire helps to prevent pickup of un- 
wanted 1700-ke. signals. Turn on the converter 
and receiver and allow them to warm up. Tune 
the receiver to the 5.2-Mc. region and listen for 
the oscillator of the converter. The b.f.o. in the 
receiver should be turned on. Tune around until 
the oscillator is heard. Once you spot it, tune C3 
to maximum capacitance and the receiver to as 
close to 5.2 Me. as you can. Adjust the oscillator 
trimmer capacitor, Ce, until you hear the oscilla- 
tor signal. Put your receiving antenna on the 
converter, set the receiver to 1700 kce., and tune 
the input capacitor, C1, to near maximum capaci- 
tance. At one point you’ll hear the background 
noise come up. This is the 80-meter tuning. The 
point near minimum capacitance — where the 
noise is loudest — is the 40-meter tuning. 

With the input tuning set to 80 meters, turn 
on your transmitter and tune in the signal. By 
spotting your crystal-controlled frequency you’ll 
have one sure calibration point for the dial. By 
listening in the evening when the band is crowded 
you should be able to find the band edges. 

You'll find by experimenting that there is one 
point at or near 1700 ke. on your receiver where 
the background noise is the loudest. Set the re- 
ceiver to this point and adjust the slug on Le for 
maximum noise or signal. When you have the 
receiver tuned exactly to the frequency of the 
crystal in the converter, you'll find that you have 
quite a bit of selectivity. Tune in a c.w. signal and 
tune slowly through zero beat. You should notice 
that on one side of zero beat the signal is strong, 
and on the other side you won’t hear the signal 
or it will be very weak (if it isn’t, off-set the b.f.o. 
a bit). This is single-signal ¢.w. reception. 

When listening to phone signals, it may be 
found that the use of the quartz crystal destroys 
some of the naturalness of the voice signal. If 
this is the case, the crystal should be unplugged 
and replaced by a 10- or 20-uyf. capacitor. 


Fig. 5-41 —This view of the ‘tbonus’’ con- 
verter shows all of the components project- 
ing above the chassis. At the left on the 
front is the r.f. control and next to it is the 
mixer tuning. At the far right is the a.c. 
switch. The tube at the left is the r.f. ampli- 
fier, and the crystal is between the trans- 
former and the mixer tube. Screw adjust- 
ment to the right of the mixer tube sets the 
slug of Ls. 


The “Bonus” 21-Mc. Converter 


The cure for most of the high-frequency ills of 
many receivers is the installation of a good crys- 
tal-controlled converter between the antenna and 
the receiver. The converter shown in Figs. 5-41 
and 5-42, while intended primarily for 21-Mce. 
operation, gives a bonus of 28-Mce. reception 
without any additional parts or switching. This 
is accomplished by using signal circuits that tune 
more than the 21- to 30-Mc. range and using a 
crystal-controlled oscillator at 25 Mc. Using the 
converter ahead of a.réceiver, the 15-meter band, 
21.0 to 21.45 Me., will be found from 4.0 to 3.55 
on the receiver. The receiver tunes “‘backwards.”’ 
The 10-meter band tunes 3.0 to 4.7 Me. on the 
receiver. : 

Referring to Fig. 5-48, the converter consists 
of three stages, but it uses only two tubes. An r.f. 
stage amplifies the incoming signals, and an oscil- 
lator provides a steady signal that, in a mixer 
stage, heterodynes the incoming signal to the 
difference frequency mentioned above. If the 
input and output circuits of the r.f. stage aren’t 
tuned to 21 Me. the 21-Me. signals can’t be 
amplified to the full capability of the stage. 
However, the 21-Mc. tuned circuits aren’t too 
sharp, so a single-setting will usually suffice 
for most of the 21-Me. band, and all of the tuning 
will normally be done at the receiver alone. The 
47 000-ohm resistor across C2 was used to make 
the associated circuit a bit broader. 


The selenium-rectifier power supply is quite 
adequate for the job and makes the converter a 
self-sufficient unit, although the power may be 
“‘borrowed”’ from the receiver if it is telt that the 
selenium supply is an unnecessary expense. 

In the crystal-controlled oscillator portion, a 
capacitive divider (C3 and C4) provides a tap on 
the tank circuit so that the oscillator is loaded 
very lightly. If you didn’t tap down on the tuned 
circuit the overtone crystal, Y;, might show 
lower-frequency energy as well, or it might not 
oscillate at all. 

The size of the chassis shown in Figs. 5-41 and 
5-42 is 2 X 5 X 7 inches. However, any chassis 
large enough’ to accommodate the parts can be 
used. Most of the construction is simple but there 
are a few places where certain precautions should 
be taken, and these will be treated in detail. 

Study the photographs, particularly the bot- 
tom view, to see how the coils and tube socket 
are mounted. Notice the shield that cuts across 
the 6AK5 socket. The purpose of the shield is to 
minimize the coupling between the grid and plate 
circuits of the r.f. stage, to avoid oscillation. A 
scrap of roofing copper was cut to 3/4 by 2 inches 
for the shield. Brass, or any other metal that can 
be soldered, could be substituted. The shield and 
socket should be mounted so that the shield bi- 
sects the socket between Pins 4 and 5. There is a 
14-inch lip on the shield which is used to mount it 
to the chassis top. The 
metal tube in the center 
of the tube socket should 
be soldered to the shield; 
the shieldis held to the 
chassis by two 6-32 
screws. Soldering lugs 
should be mounted under 


Fig. 5-42—All of the com- 
ponents of the power supply 
are grouped at the right. The 
tubular capacitor, Cs, mounts 
against the chassis wall. At 
the opposite side of the 
chassis, the metal strip shields 
the input circuit of the r.f. 
stage. The coils to the right of 
the shield are Ls, and Li. 
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Ci, Co—35-uuf. midget variable (Hammarlund MAPC- 
35-B). 

C3—270-pf. silver mica or NPO ceramic. 

C4—5-yf. silver mica or NPO ceramic. 

Cs—Dual electrolytic, 20-20 uf. at 250 volts. 

CRi;—100-ma. 150-volt selenium rectifier (International 
Rectifier RS-100-E or equiv.). 

Ji, J2—Phono jack, RCA style. 

Li, Lo, Lz, La—Made of No. 20 bare, %-inch diam., 16 


the nuts that hold the 6AK5 socket, and all the 
chassis ground connections of the 6AK5 grid and 
plate circuit should be made to these lugs. 

The coils are made from B & W 3007 Mini- 
ductor stock. To make the coils, first cut off a coil 
of 21 turns from the stock. Next, unwind one turn 
from each end of the 21-turn coil. Now count off 
51% turns from one end and cut the wire at this 
point. If you bend the 4th and 6th turns in to- 
ward the center of the coil you should be able to 
reach the 5th turn with your wire cutters. Un- 
wind the half turn from each side leaving two 
coils on the same support bars, one 5 turns and 
the other 13 turns. Two of these dual coils are 
needed, one for the r.f. stage and the other for the 
mixer. They can be mounted on a standard ter- 
minal tie point or supported by their own leads. 
Tie points provide a more rigid support. 

The power supply is a simple half-wave recti- 
fier, using a transformer, selenium rectifier, and 
an FC filter circuit. Incidentally, when connect- 
ing the rectifier, the + side is connected to the 
oulput side of the supply. Again, a standard ter- 
minal tie point is used for most of the connections 
of the supply. 

The preliminary checks are simple and should 
present no problems to the builder. First, turn on 
S; and see if the tubes light up. If they don’t, 
turn off the switch and carefully check the wiring. 
Once the tubes light, allow a minute or two for 
the unit to warm up. The first thing to check is 
the crystal-controlled oscillator. If your receiver 
tunes to 25 Mce., listen in that region for the oscil- 
lator signal, which should come in loud and clear. 
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Fig. 5-43—Circuit diagram of the two-band crystal-controlled converter. 
Unless indicated otherwise, all capacitances are in wuf., all resistors are 


VY. watt, all resistances are in ohms. 


t.p.i. stock. See text. (B & W Miniductor No. 3007). 

L;—2- to 3-yh. slug-tuned inductor (North Hills 120-A). 

RFC;—50-yh. r.f. choke (National R-33, Millen 34300-50). 

$i—S.p.s.t. toggle. 

T:—125 volts at 50 ma., 6.3 volts at 2 amperes (Stancor 
PA8422) or 135 volts at 50 ma., 6.3 volts at 1.5 
amperes (Triad R-30-X). 

Yi1—25.0-Mc. crystal (International Crystal Co., type 
FA-9). 


If it doesn’t, adjust the slug of Zs until the oscil- 
lator starts. Should you find that it doesn’t oscil- 
late you’ll need to make some voltage checks to 
make sure there is plate voltage on the oscillator. 
The voltage should be approximately 110, give or 
take 10 volts. If no voltage is indicated, check the 
wiring for errors. 

Connect the converter to your receiver, using 
a piece of coax as the connecting line. Coax is 
used for the lead between the two units to mini- 
mize any pickup of unwanted signals near or in 
the 80-meter band. Set your receiver to tune the 
right range, 4000 to 3550 ke., and turn both units 
on. 

Adjust Cy, and C2 for maximum background 
noise. You’ll find two values of capacitance (four 
points) on each capacitor that will give an in- 
crease In noise, one near minimum capacitance 
(plates unmeshed) and the other with more ca- 
pacitance. The setting at the greater capacitance 
point is 21 Mc. while the lesser is 28 Mc. Adjust 
the converter for maximum noise at 21 Mc. and 
tune your receiver across the band. If the band is 
open — and don’t forget that sometimes it’s as 
dead as the famous doornail — you should hear 


signals. ‘Tune in one and peak it up by tuning Cy 


and C2 of the converter. Each control should give 
a definite peak. Pretty nice to know that your 
receiving front end is lined up, isn’t it? And it is, 
you know; you align it when you peak the two 
controls. Your receiver 1s now working as a tuna- 
ble if. and the only adjustment required is to 
peak the antenna trimmer (if you have one) for 
maximum signal. 
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Selectojet i 


The “Selectoject” 


The Selectoject is a receiver adjunct that can 
be used as a sharp amplifier or as a single-fre- 
quency rejection filter. The frequency of opera- 
tion may be set to any point in the audio range 
by turning a single knob. The degree of selectivity 
(or depth of the null) is continuously adjustable 
and is independent of tuning. In phone work, the 
rejection notch can be used to reduce or eliminate 
a heterodyne. In c.w. reception, interfering sig- 
nals may be rejected or, alternatively, the desired 
signal may be picked out and amplified. The 
Selectoject may also be operated as a low-distor- 
tion variable-frequency audio oscillator suitable 
for amplifier frequency-response measurements, 
modulation tests, and the like, by advancing the 
“selectivity ’’ control far enough in the selective- 
amplifier condition. The Selectoject is connected 
in a receiver between the detector and the first 
audio stage. Its power requirements are 4 ma. at 
150 volts and 6.3 volts at 0.6 ampere. For proper 
operation, the 150 volts should be obtained from 
across a VR-150 or from a supply with an output 
capacity of at least 20 uf. 

The wiring diagram of the Sea ate is shown 
in Fig. 5-44. Resistors Re and Rg, and R4 and Rs, 
can be within 10 per cent of the nominal value but 


they should be as close to each other as possible. 
An ohmmeter is quite satisfactory for doing the 
matching. One-watt resistors are used because 
the larger ratings are usually more stable over a 
long period of time. 

If the station receiver has an “accessory 
socket”’ on it, the cable of the Selectoject can be 
made up to match the connections to the socket, 
and the numbers will not necessarily match those 
shown in Fig. 5-44. The lead between the second 
detector and the receiver gain control should be 
broken and run in shielded leads to the two pins 
of the socket corresponding to those on the plug 
marked ‘A.F. Input” and “A.F. Output.” If the 
receiver has a VR-150 included in it for voltage 
stabilization there will be no problem ‘in getting 
the plate voltage — otherwise a suitable voltage 
divider should be incorporated in the receiver, 
with a 20- to 40-yf. electrolytic capacitor con- 
nected from the +150-volt tap to ground. 

In operation, overload of the receiver or the 
Selectoject should be avoided, or all of the pos- 
sible selectivity may not be realized. 

The Selectoject is useful as a means for obtain- 
ing much of the performance of a ‘““Q Multiplier” 
from a receiver lacking one. 
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Fig. 5-44—Complete schematic of Selectoject using 1 2AX7 tubes. 


Ci—0.01-yf. mica, 400 volts. 

Ce, Cs—0.1-uf. paper, 200 volts. 

C1, Cs—0.002-uf. paper, 400 volts. 

Cs—0.05-uf. paper, 400 volts. 

Ce—16-uf. 150-volt electrolytic. 

C7—0.0002-f. mica. 

Ri—1 megohm, 2 watt. 

Ro, Rs—1000 ohms, 1 watt, matched as closely as possible 
(see text). 

R4, Rs —2000 ohms, 1 watt, matched as closely as possible 
(see text). 


Re—20,000 ohms, 2 watt. 

Rz—2000 ohms, 2 watt. 

Rs—10,000 ohms, 1 watt. 

Ro>—6000 ohms, 2 watt. 

Rio— 20,000 ohms, 2 watt. 

Ri1—0.5-megohm 2-watt potentiometer (selectivity). 

Riz—Ganged 5-megohm potentiometers (tuning control) 
(IRC PQ11-141 with IRC M11-141.) 

Ris—0.12 megohm, 2 watt. 

$1, S2—D.p.d.t. toggle (can be ganged). 
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Antenna Coupler for Receiving 


In many instances reception can be improved 
by the addition of an antenna coupler between 
the antenna feedline and the receiver, and in 
all cases the r.f. image rejection will be increased. 
The unit shown on this page consists of one 
series-tuned circuit and one parallel-tuned cir- 
cuit; usually its best performance is obtained 
with the parallel-tuned circuit connected to the 
receiver input, as indicated in Fig. 5-45. How- 
ever, the coupler should also be tried with the 
connections reversed, to see which gives the better 
results. The desired connection is the one that 
gives the sharper peak or louder signals when 
the circuits are resonated. ! 

The coupler is built on one section of a 5 X 
4 X 3-inch Minibox (Bud CU-2105A). Tuning 
capacitors Cy and C2 are mounted directly on the 
Minibox face, since there is no need to insulate 
the rotors. The arrangement of the components 
can be seen in Fig. 5-46. 

The coils Z; and Le are made from a single 
length of B & W 3011 Miniductor. The wire is 
snipped at the center of the coil and unwound 
in both directions until there are three empty 
spaces on three support bars and’ two empty 
spaces on the bar from which the snipped ends 
project. These inner ends run to the connectors 
J; and J». (Fig. 5-45). Unwind turns at the ends 
of the coils until each coil has a total of 22 turns. 
When soldering the leads to the 3rd, 6th, 8th 
and 12th turns from the inside ends of the coils, 
protect the adjacent turns from solder and flux 
by placing strips of aluminum cooking foil be- 
tween the turns. An iron with a sharp point will 
be required for the soldering. 

The “panel” side of the box can be finished 
off with decals indicating the knob functions and 
switch positions. os 

The antenna coupler should be mounted within 
a few feet of the receiver, to minimize the length 
of RG-59/U between coupler and receiver. In 
crowded quarters, the use of M-359A right-angle 


Fig. 5-46—Receiver antenna coupler, with cover removed 
from case. Unit tunes 6 to 30 Mc. The coi! is supported by 
the leads to the capacitors and switches. 


adapters (Amphenol 83-58) and J; and J2 will 
make it possible to bring out the cables in better 
lines. 

Normally the coupler will be adjusted for 
optimum coupling or maximum image rejection, 
but by detuning the coupler it can be used as an 
auxiliary gain control to reduce the overloading 
effects of strong local signals. The coupler cir- 
cuits do not resonate below 6 Mc., but a coupler 
of this type is seldom if ever used in the 80-meter 
band; its major usefulness will be found at the 
higher frequencies. 


Fig. 5-45—Circuit diagram of the receiver antenna coupler. 


Ci, Co—100-yupf. midget variable (Hammarlund HF- 100). 

Ji, Jz— Coaxial cable connector, SO-239. 

Li, L,k—22 turns No. 20, %-inch diameter, 16 t.p.i. Tapped 
3, 6, 8 and 12 turns from inside end. See text 
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on spacing and tapping. 
$1, S2—Single-pole 11-position switch (5 used) rotary 
switch (Centralab PA-1000). 


Preselector 


A Regenerative Preselector for 7 to 30 Mc. 


The performance of many receivers begins to 
drop off at 14 Mc. and higher. The signal-to- 
noise ratio is reduced, and unless double conver- 
sion is used in the receiver there is likely to be 
increased trouble with r.f. images at the higher 
frequencies. The preselector shown in Figs. 5-47 
and 5-48 can be added ahead of any receiver with- 
out making any changes within the receiver, and 
a self-contained power supply eliminates the 
problem of furnishing heater and plate power. 
The poorer the receiver is at the higher frequen- 
cles, the more it will benefit by the addition of 
the preselector. 

A truly good receiver at 28 Me. will show little 
or no improvement when the preselector is 
added, but a mediocre receiver or one without 
an r.f. stage will be improved greatly through 
the use of the preselector. 

A 6CG7 dual triode is used in the preselector, 
one triode as a bandswitched regenerative r.f. 
stage and the other as a cathode follower. A con- 
ventional neutralizing circuit is used in the am- 
plifier; by upsetting this circuit enough the stage 
can be made to oscillate. Smooth control of regen- 
eration up to this point is obtained by varying one 
of the capacitances in the neutralizing circuit. 

If and when it becomes necessary to reduce 
gain (to. avoid overloading the receiver), the 
regeneration control can be retarded. One posi- 
tion of the bandswitch permits straight-through 
operation, so the preselector unit can be left con- 
nected to the receiver even during low-frequency 
reception. 

The preselector is built on a 5 X 10 X 3-inch 
chassis (Bud AC-404). A 5X 6'%-inch aluminum 
panel is held to the chassis by the extension-shaft 
bushing for the regeneration-control capacitor, 
C3, and the bushing for the rotary switch. The 
coils, L1 and Ly, are supported on a small staging 


Fig. 5-47 —The regenerative preselector covers the range 

7 to 30 Mc.; it can be used ahead of any receiver to 

improve gain, image rejection and, in many cases, sensi- 

tivity. A dual triode 6CG7 is used as r.f. amplifier and 
cathode follower. 


of 1144 X 3-inch clear plastic. (It can be made 
from the lid of the box that the Sprague 5GA-S1 
O1-uf. disk ceramic capacitors come in.) All coils 
can be made from a single length of B&W 3011 
Miniductor. They are cemented to the plastic 
staging with Duco cement. 

The rotor of C; can be insulated from the 
chassis by mounting the capacitor bracket on 
insulating bushings (National XS-6 or Millen 
37201); its shaft is extended through the use 
of an insulated extender shaft (Allied Radio No. 
60 H 355). The bandswitch S; is made from the 
specified sections (see Fig. 5-49). 

The first section is spaced 34 inch from the 
indexing head, there is 1-inch separation be- 


Fig. 5-48—The r.f. components are bunched around the 9-pin miniature tube socket. Power supply components are 
supported by screws and tie points. 
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Fig. 5-49—-Circuit diagram of the regenerative preselector. Unless otherwise specified, resistors are /2 watt, capacitors 
are in wuf., capacitors marked in polarity are electrolytic. 


Ci— 140-y uf. midget variable (Hammarlund HF-1 40). 

C2.—3- to 30-yuf. mica compression trimmer. 

Cs—100-ypyf. midget variable (Hammarlund MAPC-100- 
B). 


CRi1—50-ma. selenium rectifier (International Rectifier 


RSO50). 

Ji, Jo—Phono jack. 

Li— 19 turns, 7-turn primary. 

le—5 turns, 2-turn primary. Coils are %-inch diameter, 
16 t.p.i., No. 20 wire (B & W 3011 Miniductor). 


tween this and the next section (Sys), and the 
next section (Sic, Sip) is spaced 21% inches from 
Sis. 

The regeneration control, C3, 1s mounted on a 
small aluminum bracket. Its shaft does not have 
to be insulated from the chassis, so either an 
insulated or a solid shaft connector can be used. 
The small neutralizing capacitor, C2, is supported 
by soldering one lead of it to a stator bar of C3 and 
running a wire from the other lead to pin 6 of the 
tube socket. The rotor and stator connections 
from Cy; are brought through the chassis deck 
through small rubber grommets. 

Power supply components, resistors and ca- 
pacitors are supported by suitable lugs and tie 
points. Phono jacks are used for the input and 
output connectors. 


Adjustment 


Assuming that the wiring is correct and that 
the coils have been constructed properly and 
cover the required ranges, the only preliminary 
adjustment is the proper setting of Ce. Connect 
an antenna to the input jack and connect the 
receiver to the output jack through a suitable 
length of RG-58/U. Turn on the receiver b.f.o. 
and tune to 28 Me. with S; in the on position. 
Now turn S; to the 21- to 30-Mc. range. Swing 
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One-turn spacing between coils and primaries. 

$i—Three-wafer switch. $14 and S:B are 1-pole 1 2-posi- 
tion (4 used) miniature ceramic switch sections 
(Centralab PA-1); Sic and SiD are 2-pole 6- 
position (4 used) miniature switch (Centralab 
PA-3). Sections mounted on Centralab PA-301 
index assembly. 

Ti—125 v. at 15 ma., 6.3 v. at 0.6 amp. (Stancor PS- 
8415). 

RFC;—100-wh. r.f. choke (National R-33). 


the TUNING capacitor, Ci, and listen for a loud 
rough signal which indicates that the preselector 
is oscillating. If nothing is heard, advance the 
regeneration control toward the minimum ¢a- 
pacitance end and repeat. If no oscillation is 
heard, it may be necessary to change the setting 
of Co. Once the oscillating condition has been 
found, set the regeneration control at minimum 
capacitance and slowly adjust C2 until the pre- 
selector oscillates only when the regeneration con- 
trol is set at minimum capacitance. You can now 
swing the receiver to 21 Me. and peak the pre- 
selector tuning capacitor. It will be found that the 
regeneration capacitance will have to be increased 
to avoid oscillation. 

Check the performance on the lower range by 
tuning in signals at 14 and 7 Me. and peaking 
the preselector. It should be possible to set the 
regeneration control in these two ranges to give 
both an oscillating and a non-oscillating condition 
of the preselector. 

A little experience will be required before you 
can get the best performance out of the preselec- 
tor. Learn to set the regeneration control so that 
the preselector is selective, but not so selective 
that it must be retuned every 10 ke. or so. 
Changing antenna loads will modify the correct 
regeneration control setting. 
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A Clipper/Filter 


A Clipper/Filter for C.W. or Phone 


The clipper/filter shown in Fig. 5-50 is plugged 
into the receiver headphone jack and the head- 
phones are plugged into the limiter, with no work 
required on the receiver. The limiter will cut 
down serious noise on phone or c.w. signals and 
it will keep the strength of ¢c.w. signals at a con- 
stant level, and while the filter will add selectivity 
to your receiver for c.w. reception, the unit will 
do much to relieve the operating fatigue caused 
by long hours of listening to static crashes, key 
clicks encountered on the air and with break-in 
operation, and the like. 

There are times when only the selective audio 
circuits will be wanted, while on other occasions 
only clipping will be needed. Since it is. a simple 
matter to provide a switching arrangement so 
that either function, or both, can be used at will, 
this has been done in the unit described here. 

The frequency response of the selective circuits 
reaches a peak at about 700 cycles and has a null 
at about 2000 cycles. The peak frequency is de- 
termined by the combined values of Ly, Ci, and 
Ce (or Le, C3 and C4), while the notch frequency 
is that of the parallel-resonant circuit ZC, (or 
InC3). If different peak and null frequencies are 
desired the values of Cy and C2 (and C’3 and C4) 
ean be changed; for raising the notch frequency 
the capacitance of Cy and C3 should be made 
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smaller; to raise the peak frequency reduce the 
capacitance at C» and C4. 

The rotary switch S2 (Fig. 5-50) is used to pro- 
vide different combinations of the clipper and 
filter. To simplify the wiring diagram the switch- 
ing circuit is shown separately in the diagram. 

The filter-clipper can be built on an aluminum 
chassis, but a steel cabinet should be used to 
house the unit. Steel is preferable to aluminum 
because LZ; and Lz are sensitive to stray magnetic 
fields (which would show up as hum at the out- 
put) and the steel cabinet aids in shielding. One 
layout precaution should be observed: Place the 
filter ductors Ly and Ly as far as possible from 
the power transformer, and mount them with 
their cores at right angles to the core of the trans- 
former. This will minimize hum pickup by the 
inductors. 

Before mounting Z and Lz, it will be necessary 
to remove the mounting frames and insulate the 
“T”? laminations, as shown in Fig. 5-51. The 
frame is removed easily by prying out its two legs 
and then lifting it from the core. The “‘I’’ lamina- 
tions are in the form of a bar lying across the top 
of the ‘“‘E”’ core. 

By mounting the chokes with nonmetallic 
straps the Q will remain high. If aluminum or 
other nonmagnetic materials are used the Q will 
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Fig. 5-50—Circuit of the two-stage clipper-filter. All capacitances are in uf. All 0.01 uf. capacitors may be ceramic; 
capacitors marked with polarity are electrolytic. Others should be tubular plastic or mica. Resistors are VY. watt unless 
otherwise specified. Switch functions are as follows: Position 1, dual filter alone; Position 2, clipper and dual filter; 
Position 3, clipper alone; Position 4, straight through with cathode-follower output. 


CR; —50-ma. selenium rectifier. Se—3-section 6-pole 4-position rotary switch, shorting 


11 —6.3-volt pilot lamp. 
Ji —Open-circuit phone jack. 


Li, Le—5-h. 65-ma. filter choke; frame removed and choke 


remounted as described in the text. 
$i—S.p.s.t. toggle switch 


type preferable. (Centralab PA-1020). 
Ti, Te—Output transformer: 7000-10,000-ohm primary 
to 3.2-ohm voice coil (Thordarson24S52). 
T3—Power transformer: 125 volts, 50 ma.; 6.3 volts, 2 
amps. (Stancor PA-8421). 
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Fig. 5-51—Sketch showing the 
method of clamping and tuning the 
filter inductcrs. Clamping strips 
must be of bakelite, phenol, plastic 
or other suitable insulating mate- 
rial. Metal should not be used. 


LONG MACHINE 
SCREWS 


be adversely affected and the selectivity of the 
filter will suffer. — - 

The switch wiring shown at the bottom of the 
schematic diagram can be done before mounting 
Sin place. After the switch is mounted the wiring 
between it and the other components can be 
completed. 

Apply power by closing $j, insert the plug in 
the receiver phone jack and turn switch S2 to the 
“out” or straight-through position. Tune the 
receiver until a c.w. signal is found and adjust 
the receiver controls for comfortable copying. 

Now turn S» to the “clipper” position. In order 
to become familiar with the action of the clipper 
these steps should be followed: Adjust the “clip- 
ping’”’ control so no clipping occurs (maximum 
positive bias on the diode plates). Set the ‘clip 
level” control on the unit so that there will be no 
apparent change in the strength of the c.w. signal 
when switching from “clipper” to “out” and 
back to “clipper.’’ Then turn the ‘‘clipping”’ con- 
trol until the positive bias is low enough to cause 
limiting to start; the point at which limiting be- 
gins can be recognized by the fact that the signal 
strength begins to decrease. Back off slightly with 
the “clipping” control so that the signal strength 
in the phones is just at the original level. 

Tuning the receiver without the use of the 
limiter shows signals of all strengths, some so loud 
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as to be ear-breaking; but switching to ‘‘clipper” 
will make these big ones drop down to the ‘‘coms 
fortable’’ preset level. 

The filter can be aligned with the help of an 
audio signal generator and a scope. The procedure 
is to set the two tuned circuits individually to 
within 10 to 15 cycles of the chosen peak fre- 
quency, but on opposite sides of that frequency. 
This adjustment can be made by tightening or 
loosening the clamping screws on each choke until 
each circuit is tuned to the desired frequency. Al- 
tering the number of layers of paper placed be- 
tween the “I” and ‘‘E” laminations of either or 
both chokes will allow any two similar chokes 
which, due to manufacturing tolerances, may be 
of slightly different inductances, to be tuned to 
the same frequency. The filter is then ready to go. 
If the response is too sharp, slightly greater sepa- 
ration of the two frequencies can be achieved by 
readjusting the clamp on one of the chokes. 

In order to peak a desired signal the receiver 
b.f.o. or tuning control should be adjusted so the 
pitch of the signal is 700 cycles. Since the selec- 
tivity curve is rather sharp, any adjacent un- 
desired signals will fall short of the peak and be 
attenuated. If the receiver b.f.o. has sufficient 
range to tune 700 cycles or more on both sides 
of zero beat, the undesired signal can always be 
placed on the notch side of the peak. 


A Simple Audio Limiter 


Fig. 5-52—Circuit diagram of a simple audio limiter. 


CRi, CR2—1N34A or similar germanium diode. 
Ji—Open-circuit headphone jack. 
Pi—Headphone plug. 
Si—D.p.s.t. toggle or rotary switch. 
A Keystone battery holder No. 155 (Allied Radio) will 
hold two Burgess N, Eveready W468 or 
Ray-o-Vac 716 flashlight cells. 
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A simple audio limiter to hold down static 
crashes and key clicks can be made from two 
flashlight cells, two germanium diodes and a few 
other parts. Its use requires no alteration of the 
receiver, since it is plugged in at the output jack 
of the receiver and the headphones are plugged 
into the limiter. A suitable circuit is shown in Fig. 
5-52. No constructional details are given because 
there is nothing critical. If desired, the parts can 
be housed in a small utility cabinet or “‘ Minibox.’’ 
Leads can be soldered directly to the flashlight 
cells or, if desired, a suitable battery holder can be 
obtained from a radio or model airplane store. 
Hold the germanium diode leads with pliers 
when soldering, to prevent heat from reaching 
and injuring the crystals. 


DCS-500 


DCS-500 Double-Conversion Superheterodyne 


The receiver shown in Fig. 5-53 was designed 
to meet a need for a better-than-average ham re- 
celver requiring a minimum of mechanical work 
and using standard and easily obtainable parts. It 
incorporates such features as a 100-ke. calibrator, 
provision for reception on all ham bands from 80 
through 10 meters, adequate selectivity for to- 
day’s crowded bands, and stability high enough 
for copying s.s.b. signals. Dubbed the DCS-500 
because of its 500-cycle selectivity in the sharpest 
i.f. position, it is a double-conversion super- 
heterodyne receiver capable of giving good results 
on either a.m., ¢c.w. or s.s.b. 


The Circuit 


Referring to the circuit diagram, Figs. 5-54 
and 5-55, a 6BA6 r.f., stage is followed by a 
6U8A mixer-oscillator. The 4.5-Mc. mixer output 
is amplified by a 6BA6 and filtered by a two- 
stage crystal filter, after which a 6U8A second 
mixer-oscillator, crystal-controlled, heterodynes 
the signal to 50 ke. 

The combination of 1.f. amplifiers may appear 
rather unusual at first glance, since one might 
expect that a cascade crystal filter in the high- 
frequency 1.f. would make further selectivity un- 
necessary. This would be true with highly devel- 
oped filters, but two filters are needed if the best 
possible job is to be done on both phone and c.w., 
and such filters are expensive. With inexpensive 
surplus crystals such as are used in this receiver 
it would be difficult, if not impossible, to match 
the performance of the high-class filters; in addi- 
tion, special test equipment and extreme care in 
adjustment would be necessary. The approach 
_used here is to use the surplus crystals without 
such special adjustment, thereby achieving a 
good, if not quite optimum, degree of selectivity 
against strong signals near the desired one, and 
then to back up the filter by a low-frequency 1.f. 
amplifier that will give the ‘‘close-in’’ straight- 
sided selectivity needed in present-day operation. 
The overall result is a high order of protection 
against strong interfering signals at considerably 
less cost, for the entire double-i.f. system, than 
that of two high-performance filters alone. The 
choice of 4.5 Mc., approximately, for the first 1.f. 
was based on the availability of surplus crystals 
around this frequency, with due consideration for 
minimizing spurious responses. A second 1.f. of 
50 ke. was chosen because it lent itself nicely to 
the utilization of low-cost TV _ horizontal-oscil- 
lator coils as i.f. transformers. 


Fig. 5-53—The DCS-500 double-conversion superhetero- 
dyne. Left bottom, antenna trimmer, 100-kc. calibrator 
switch; center, left, top to bottom, noise-limiter switch, 
volume control, sensitivity control; center, right, b.f.o. 
switch, a.g.c. speed, selectivity; right, headphone jack, 
b.f.o. pitch control. The dial is a National ICN. Front panel 
is 834 inches high; the receiver is mounted in a Bud CR-1741 
rack cabinet. 


The two i.f. amplifiers at 50 ke. cortribute the 
necessary adjacent-channel selectivity. Three de- 
grees of selectivity are available, depending on 
the degree of capacitive coupling between the 
two windings of each i.f. transformer. The greater 
the number of capacitors switched in parallel 
that is, the larger the coupling eapacitance — the 
lower the coupling between the windings and 
thus the greater the selectivity. 

A standard diode detector develops the audio 
output for all reception modes. The output of the 
detector is simultaneously applied to both the 
first audio amplifier and the audio a.g.c. circuit. 
A series-type noise limiter can be used on a.m. to 
reduce impulse-noise interference, but this type 
is ineffective on c.w. or s.s.b. because of the large 
amplitude of the b.f.o. injection voltage. 

The b.f.o., a Hartley-type oscillator, can be 
tuned from 3 ke. above to 3 ke. below its 50-ke. 
center frequency by the tuning capacitor. 

The first audio stage is a normal Class A volt- 
age amplifier with its output either coupled to 
the grid circuit of the audio output tube or to a 
phone jack. High-impedance head-phones (20,000 
ohms a.c. impedance or higher) are required. 
Plugging in the phones automatically discon- 
nects the speaker. If low-impedance headphones 
are used, they can be connected to the speaker 
terminals. Capacitances shunting the grid re- 
sistors restrict the audio response to an upper 
limit of about 4000 cycles. 

The audio output transformer couples to a low- 
impedance (8.2-ohm) speaker. The 47-ohm re- 
sistor across the secondary protects the trans- 
former in the absence of a speaker load. 

The audio output of the detector is also ampli- 
fied separately in the audio a.g.e. circuit and then 
rectified to develop a negative voltage that can 
be used for a.g.c. on c.w. and s.s.b. Two different 
time constants are used in the rectifier filter cir- 
cuit, for either fast- or slow-decay a.g.c. 

The 100-ke. calibrator employs two 2N107 
p-n-p transistors, one as the oscillator and the 
second as a 100-ke. amplifier. Its transistors ob- 
tain the necessary operating potential from the 
cathode resistor of the audio output tube. Output 
from the 100-ke. unit is capacity-coupled to the 
antenna winding of the r.f. coil. Calibrating sig- 
nals at 100-kc. intervals are available on all fre- 
quencies covered by the receiver. 

The calibrator unit is constructed in a separate 
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H.F OSC. 


CALIBRATOR 


DECIMAL VALUES OF CAPACITANCE ARE IN wf.; 
OTHERS ARE INpyf. EXCEPT AS INDICATED. 
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Fig. 5-54—Front-end circuit of the receiver. Unless otherwise specified, resistors are Y2 watt; 0.01 and 0.02-uf. capacitors 
are disk ceramic, 600 volts; 0.5 capacitors are tubular paper or Mylar; capacitors below 0.01 wf. are 
mica; capacitors marked with polarities are electrolytic. 


Ci— 50-uyf. variable (Hammarlund HF-50). 

C2, Ca—See coil table. 

C3—2-section variable, 5—28.5 uuf. per section, double 
spaced (Hammarlund HFD-30-X). 

C5--3-30-uuf. ceramic trimmer. 

Ji—Coaxial receptacle, chassis mounting (SO-239). 

Li, Lo, Ls—See coil table. 

La, Ls5—18-36-uh. slug-tuned (North Hills 120E coil 
mounted in North Hills S-120 shield can). 


Minibox so that it can be plugged into the ac- 
cessory socket of the receiver or used as an indi- 
vidual unit powered by penlite cells. 

The power supply, Fig. 5-56, is a full-wave rec- 
tifier with a choke-input filter. It provides ap- 
proximately 250 volts d.c. under load. A 0.25-uf. 
capacitor is shunted across the 10-henry filter 
choke to form a parallelvesonant circuit at 120 
cycles; this provides an increased impedance to 
the ripple component and thus reduces hum in 
the output of the supply. 

The power-supply requirements are 250 volts 
at 110 milliamperes, and 6.3 volts at approxi- 
mately 5 amperes. Any transformer-choke com- 
bination fulfilling the requirements can be used. 


Front End 


The use of plug-in coils for the front end 
eliminated the mechanical problems of a band- 
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Le—4.7 mh. (Waters C1061). 

L7—1-2-mh. slug-tuned (North Hills 120K). 

RFC, RFC2—100-wyh, r.f. choke resonant near 4.7 Me. 
(Waters C 1108 or Miller 70F104A1). 

$i—Single-pole rotary. 

Y1—100 ke. (James Knights H-93). 

Y2, Ys—4495 kc. (surplus). 

Ys, Ys—4490 kc. (surplus). 


switching tuner, and also offered the possibility 
of realizing higher-Q tuned circuits. Ganged 
tuning of the r.f. amplifier along with the h-f. 
oscillator and mixer circuits was decided against 
because of the complexities it would cause in coil 
construction and the problem of keeping three 
stages tracking with each other. The r.f. amplifier 
has to be peaked separately by the antenna trim- 
mer, but separate peaking insures maximum 
performance at all frequencies. 


Construction 


The receiver is constructed on a 12 X 17 X 
2-inch aluminum chassis with an 834 X 19-inch 
aluminum front panel, which permits it to be 
installed in a table-type rack cabinet. The gen- 
eral layout of components can be seen in Figs. 
5-57 and 5-59. A good procedure to follow when 
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2No. CONV. OSC. 


TO.A.G,C, LINE 
SENSITIVITY 


47K 


% 


2W. +250V, 


DECIMAL VALUES OF CAPACITANCE ARE IN Wf: 
OTHERS ARE IN yf, EXCEPT AS INDICATED, 


+105 V. +250V. 


Fig. 5-55 —I.f. amplifier, detector, a.g.c. and audio circuits. Unless otherwise specified, resistors are Y2 watt; 0.01- and 
0.02-yf. capacitors are disk'ceramic, 600 volts; 0.5-uf. capacitors are tubular paper or Mylar; capacitors 
below 0.01 uf. are mica; capacitors marked with polarities are electrolytic. 


Ce, C7, Cs, Co, Cio, C11 — 0.01 mica (Aerovox CM-30B-103) 

Ci2—9-180-yupf. mica compression trimmer. 

Ci3—50-yuf. variable (Hammarlund HF-50). 

Cis—0.1-pf. paper (Sprague 2TM-P1). 

J2—Phono jack. 

J3—Closed-circuit phone jack. 

Ls—125 mh. (Meissner 19-6848). 

Lo>—9-18 wh., slug-tuned (North Hills 1 20D). 

Mi—O-1 d.c. milliammeter (Triplett 227-PL). 

Ri—2500-ohm, 4-watt control, wire-wound. : 

R2—0.5-megohm control, audio taper with push-pull type 
switch (Sg) (Mailory No. PP55DT1683). 

R3s—1000-ohm, 1-watt control, wire-wound. 

RFC3—10 mh. (National R-50-1). 

$i, Ss—Rotary, 1 section, 1 pole, 2 position. 


starting to wire the receiver is first to complete 
the power supply and heater wiring, and then 
start wiring from the antenna toward the 
speaker. This allows proceeding in a logical order 
so that the work can be picked up readily at any 
time after an intermission. 

The use of good quality ceramic tube and coil 
sockets, particularly in the front end, is highly 
recommended. When mounting the sockets orient 
them so that the leads to the various points in 
the circuit will be as short as possible. 

Millen coil shields (80008) are used around 
the plug-in coils in the front end —1.e., the r.f., 
mixer and oscillator — and the shield bases are 
mounted with the same screws that hold the 


Se—Rotary, 2 section, 1 pole per section, progressively 
shorting. Switch section Centralab PA-12, index 
Centralab PA-302. 

S4—Rotary, 1 section, 5 poles per section (4 poles used), 
‘3 positions used, Centralab PA-2015. 

Ss—Rotary, 1 section, 2 poles per section, 2 positions used. 
Centralab PA-2003. 

Ti-Ts, inc.—50-kc. i.f. transformers made from TV com- 
ponents (Miller 6183); see text. 

Te—B.f.o. transformer (Miller 6183); see text. 

T7—Audio interstage transformer, 1:2 ratio (Thordarson 
20A16). 

Ts—Audio output transformer, 5000 to 4 ohms (Stancor 
3854). 

Yse—4540 Kc. (surplus). 


ceramic coil sockets. All plug-in coils are wound 
with No. 26 enameled ire oi Amphenol poly- 
styrene forms, and Hammarlund APC-type air- 
padder capacitors are mounted in the recesses at 
the tops of the coil forms. After finishing a coil it 
is a good idea to fasten the winding and the 
trimmer capacitor in place with Duco cement. 
Decal each set of coils for a particular band and 
mount them on small wooden bases that have 
holes to take the pins. Then paint or stain each 
of the coil-set bases. The final result will be a 
neat and convenient arrangement for holding the 
coils for each band (Fig. 5-58). Plug-in coil data 
for each band are given in the coil table. 

The tuning capacitor, C3, is mounted on the 
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RFC; 


270K 


270K |6800 


A.G.C, LINE 


chassis and reinforced by a bracket to minimize 
any rocking movement. This bracket is triangular 
in shape with a right-angle flange at the bottom. 
It is drilled to take the front bearing sleeve of the 
tuning capacitor and held firmly to it by the 
capacitor mounting nut and a lock washer, as 
shown in Fig. 5-57. Flexing of the chassis can be 
minimized by the use of lengths of angle stock 
bolted to the chassis at strategic points through- 
out the receiver. Exact alignment of the tuning 
capacitor with the dial shaft is not always pos- 
sible, so a flexible coupling (Millen 39016) is used. 

When wiring the crystal filter keep leads as 
short and direct as possible, as this will minimize 
stray coupling bety COR. the input and output 
ends, which would deteriorate the performance 
of the erystal-filter circuits. 

The 50-ke. i.f. circuits used Miller 6183 TV 
horizontal-oscillator replacement coils as if. 
transformers. These coils must be altered before 
they can be used. As they are supplied, the ter- 
minal lugs are brought out at the top of the can; 
these lugs must be reversed before the can is 
mounted. By applying slight pressure to the 
phenolic coil form the assembly will slide out of 
the aluminum shield can and then can be re- 


versed. However, before reassembling the unit a ~ 


few slight changes must be made. There are actu- 
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ally two separate windings; each one will be tuned 
and used either as a primary or secondary for the 
50-ke. i.f. transformer. The tap on the large 
winding must be lifted off the soldering lug C, 
taped, and tucked away, being careful not to 
break it; this leaves just the lead from the small 
winding on terminal C. Terminals A and F repre- 
sent the large winding. The small coil is tuned by 
connecting a 680-uuf. mica capacitor between 
terminals C and D; these capacitors should be 
fastened on the soldering lugs inside the shield 
can. The can is then slipped back over the coil 
and capacitor, keeping in mind that. the lugs 
must come out the bottom, and the assembly is 
ready for mounting on the chassis. 

The b.f.o. coil is also a Miller 6183, Poe the 


. procedure for reversing the assembly before 


mounting is identical to that followed with the 
50-ke. transformers. However, it is not necessary 
to alter any of the wiring in the b.f.o. trans- 
former, since only the large winding (A — F) and 
its tap (C) is used. 

Point-to-point wiring is recommended, along 
with generous use of both insulated tie points and 
ground lugs. Use of shielded wire facilitates rout- 
ing wires throughout the receiver as the shields 
can be spot-soldered to ground lugs and to each 
other in bundles. When wiring, mount compo- 
nents at right angles to the chassis sides wherever 
possible; this helps give the finished unit a neat 
appearance. In critical circuits, however, do not 
sacrifice short and direct leads for the sake of 


DCS-500 


TO Vi, 
JUMPER 


Ci5s—0.25-puf. paper, 600 volts. 
Lio—Filter choke, 10.5 henry, 110 ma. (Knight 62 G 139). 
P;—Fuse plug. 


making the unit look pretty. 

Placing the receiver in a rack cabinet and 
marking all controls on the front panel with 
decals also helps in giving the finished receiver a 
neat and “‘commercial”’ appearance. 


The Calibrator 


The 100-ke. calibrator is built in a separate 
4 X 4 X 2-inch aluminum box and plugs into the 
accessory socket at the left rear of the receiver 
chassis. Fig. 5-61 shows the internal construction. 
The accessory socket provides the necessary 
operating voltage for the transistors and offers 
a convenient means for coupling the 100-ke. har- 
monics out of the calibrator into the receiver. If 
the calibrator is to be used as a self-contained 
unit it must be supplied with approximately 7—10 
volts. A series arrangement of penlite cells, or a 
mercury battery, can be used. A battery clip 
mounted on the side of the box is a convenient 
way to hold the internal batteries. If the unit is 
to be self-contained, a separate output jack for 
the calibrator must be provided. 


LF. Alignment 


Before starting alignment of the receiver, first 
determine whether the audio stages are function- 
ing correctly. An audio signal should be coupled 
to the top end of the volume control, and varying 
the control should change the output level of the 


Fig. 5-57 —The power supply is built along the 
back of the chassis; filter capacitor and VR 
tube are just in back of the filter choke in this 
view. The crystal calibrator unit at right is 
cushioned by rubber bumpers mounted on the 
receiver chassis. Cs is on top of the calibrator 
unit. Front-end coil shields are at the top right 
in this photograph, along with the tuning 
capacitor bracket and flexible coupling. The 
on-off switch, Ss, on rear of the .audio gain 
control, is a new push-pull type. Filter crystals 
are grouped behind the volume control, and 
the second conversion oscillator crystal is 
slightly to their left. The 4.5-Mc. i.f. trans- 
formers (in the small shield cans) are close to 
the filter crystals. The b.f.o. coil is at the 
extreme left in this view; all other large cans’ 
contain the 50-kc. i.f. transformers. Connec- 
tions on the back chassis wall, left to right, are 
the muting terminals, B-plus output for auxiliary 
use, speaker terminals, i.f. output (phono jack), 
and antenna input connector. 


6U8As 


+105V, 


6 ALS é 
6AQ5 


Fig. 5-56—Power-supply circuit, 
Capacitors marked with polarities 
are electrolytic. 


6CG7 


Se—See Re, Fig. 5-55. 
Ty— Power transformer, 700 v. c.t., 120 ma.; 5 v., 3 amp.; 
6.3 v., 4.7 amp. (Knight 62 G 044). 


audio signal. If an audio signal is not available, 
the 60-cycle heater voltage will provide a con- 
venient audio signal for checking. 

There are various ways to approach the align- 
ment problem. A 50-kc. signal generator can be 
used; however, these are hard to come by. Some 
of the better audio. oscillators go as high as 50 kc. 
and can be used for alignment purposes. A second, 
and possibly superior, method is to use any of 
the numerous signal generators which will deliver 
4.5-Mc. output; fed into the first 1.f. amplifier 
grid, the 4.5-Mc. signal will beat against the 
second conversion oscillator to produce a 50-ke. 
i.f. signal which then can be used for alignment. 
This method also insures that the first 1.f. signal 
will fall within the crystal filter bandpass in case 
the crystal frequencies are not exact. When align- 
ing, connect a d.c. voltmeter (preferably a 
v.t.v.m.) across the detector load resistor (point 
D of 75 and chassis), set Se for high selectivity, 
(all capacitors in), turn the i.f. gain control 
about three-quarters open, and tune both the 
plate circuit of the second conversion oscillator 
and the 50-ke. 1.f. transformers for maximum out- 
put, as indicated on the meter. The output of the 
signal generator should not be modulated, and at 
the start will most likely be ‘‘wide open.’’ How- 
ever, as-alignment progresses the output of the 
generator will have to be progressively decreased. 
When aligning the i.f. transformers there should 
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DCS-500 Coil Table 
All coils wound with No. 26 enameled wire on 114-inch diameter polystyrene forms. R.f. coil 
forms are four-prong (Amphenol 24-4P); mixer and oscillator coils are five-prong (Amphenol 
24-5P). Co and Cy are Hammarlund APC-50 except on 3.5 Mc., which takes APC-75. Taps are 
counted from ground end. Primaries and ticklers are close-wound in the same direction as the 
main coil at bottom of coil form; grid and plate (or antenna) connections at outside ends. 


Band Secondary Primary or Tickler 
Ly, 451% turns close-wound. 1034 turns, 34-inch spacing from secondary. 
3.5 Me. Le, 3634 turns close-wound, tapped at 2634 turns. 1134 turns, 14-inch spacing from secondary. 
Lg, 2834 turns close-wound, tapped at 19 turns. 734 turns, 14-inch spacing from secondary. 
Ly, 2614 turns, close-wound. 734 turns, 44-inch spacing from secondary. 
7 Me. L2, 1884 turns spaced to 1 inch. Tapped at 934 turns. 634 turns, 3%-inch spacing from secondary. 
L3, 1734 turns spaced to 7 inch. Tapped at 434 turns. 734 turns, 14-inch spacing from secondary. 
I, 134 turns spaced to %& inch. 634 turns, 5¢-inch spacing from secondary. 
14 Me. Le, 1034 turns spaced to 1 inch. Tapped at 3 turns. 534 turns, 54-inch spacing from secondary. 
Ls, 584 turns spaced to %@ inch. Tapped at 17% turns. 334 turns, 5-inch spacing from secondary. 
_ In, 944 turns spaced to 4 inch. 634 turns, *@-inch spacing from secondary. 
21 Me. Le, 734 turns spaced to 1% inches. Tapped at 2 turns. 534 turns, %%-inch spacing from secondary. 
L3, 634 turns spaced te 4% inch. Tapped at 2 turns. 334 turns, *%%-inch spacing from secondary. 
Ii, 6'4 turns spaced to %@-inch. 534 turns, 44-inch spacing from secondary. 
28 Me. Le, 534 turns spaced to 1% inches. Tapped at 2 turns. 434 turns, 14-inch spacing from secondary. 
L3, 434 turns spaced to 34 inch. Tapped at 11% turns. 2°4 turns, 4-inch spacing from secondary. 


Fig. 5-58—Each set of coils is provided with a wooden 
base for storage. Ce and C4 are mounted in the recesses 
at the tops of the oscillator and mixer coil forms. 


Fig. 5-59—The potentiometer for S-meter adjustment and the audio output transformer are on the right chassis wall 
in this view. The 50-kc. i.f. trap is located just above the power transformer in the lower right-hand corner. The antenna 
trimmer is located at extreme left center. The crystal filter sockets are at top center, and to their left on the front wall is the. 
calibrator switch Si. To the right of the calibrator switch is the sensitivity control, followed to the right by the selectivity 
switch Se and the b.f.0. pitch-contro! capacitor. The octal accessory socket for the calibrator is at the lower left. As shown, 
shielded wire spot-soldered together in bundles can be routed conveniently to various points in the receiver. Ceramic 
sockets are used throughout the front end (center left). Mounting components parallel with the 
chassis sides helps give the finished unit a neat appearance. 
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be a definite peak in output as each circuit is 
brought through resonance. If a particular coil 
does not peak, that coil and its associated circuits 
should be checked. After peaking one winding of 
a transformer, recheck the other; it may need 
touching up. After alignment of all the 50-kc. 
coils is completed, go back and ‘‘rock”’ each coil 
slug to be sure it is peaked for maximum output. 
This completes the 50-kce. alignment. 

Leave the signal generator on, set the b.f.o. 
pitch control at half capacitance, turn the b.f.o. 
on, and adjust its coil slug for zero beat with the 
50-ke. 1.f. signal. Varying the pitch control over 
its range should produce a tone with a maximum 
frequency of 3 kc. either side of zero beat. 

Next, the 50-ke. trap on the output of the 
detector should be adjusted. Connect the vertical 
input terminals of an oscilloscope between the 
plate of the first audio amplifier and chassis, turn 
on the b.f.o,, and adjust Cy for minimum 50-ke. 
signal on the scope. This trap, made up of C2 and 
Lg, attenuates any 50-ke. feed-through. 

The first-i.f. coils at 4.5-Mc. should next be 
adjusted. Couple the signal generator tc the grid 
of the first mixer and peak L4 and Ls for maximum 
deflection of the v.t.v.m. at the detector. The 
if. system is then completely aligned. 


Front-End Alignment 


To adjust the front end, plug in a set of coils 
and check the oscillator frequency range either 
with a calibrated g.d.o. or on a calibrated gen- 
eral-coverage receiver, the latter being preferable. 
Keep in mind that the oscillator works 4.5 
Me. above the signal on 80, 40 and 20 meters, and 
4.5 Me. below the signal frequency on the 15- and 
10-meter bands. This means that on 15 and 10 
meters the oscillator trimmer capacitor, C4, must 
be at the larger-capacitance setting of the two 
that bring in signals. After establishing the cor- 
rect frequency range of the oscillator, inject a 
signal at the low end of the band into the antenna 
terminals and peak the mixer capacitor, Co, and 
the antenna trimmer, Cj, for maximum signal. 
Then move the test signal to the high end of the 
band and recheck the mixer trimmer capacitor 
(the antenna trimmer also will have to be re- 
peaked) for correct tracking. If Co has to be read- 
justed, spread the mixer coil turns apart or com- 
press them together until the signal strength is 
uniform at both ends of the band, without read- 


justment of C2. If the mixer trimmer capacitance © 


had to be increased at the high-frequency end of 
the band to maintain tracking, the coil tap is too 


far up the coil and the turns below the tap must 
be spread apart or the tap itself must be moved 
down. If the trimmer capacitance has to be de- 
creased the tap is too low. Coil specifications 
might possibly have to be altered slightly from 
those given in the table, particularly on the higher 
frequencies, because of variations in strays from 
one receiver to another. 


General 


Adjustment of the calibrator is relatively 
straightforward, and should present no problems. 
Turn on the calibrator and you should hear the 
100-ke. harmonics on whatever band you happen 
to be using. Once it is determined that the unit is 
working correctly, the only adjustment necessary 
is to set the frequency of the calibrator exactly. 
The usual reference is WWV or any broadcast 
station that is on a frequency which is a whole- 
number multiple of 100 ke. The frequency tol- 
erance for standard broadcast stations is 20 
cycles, thus b.c. stations represent a source for 
accurate frequency determination, 

Using a general-coverage or b.c. receiver, tune 
in either WWV or a known broadcast station and 
adjust the calibrator trimmer Cs; for zero beat. 
The calibrator will then provide accurate 100-ke. 
signals that can be used for frequency determina- 
tion and band-edge marking. 

The first intermediate frequency can be altered 
slightly to facilitate the use of particular sets. of 
crystals available. However, if the deviation is 
more than 20 ke. or so, slight changes may be 
needed in the h.f. oscillator coil specifications to 
maintain the proper bandspread. 

If the receiver is to be worked in a rack cabinet 
as shown in Fig. 5-53, or if a cover plate is at- 
tached to the bottom of the receiver chassis, 
minor alignment touch-up may be necessary. 

Spraying the receiver chassis with a light coat 
of clear plastic lacquer before mounting any of 
the components will prevent fingerprints and 
oxidation of the chassis. 

The audio output stage has adequate power to 
drive a 5- or 6-inch speaker, which may be 
mounted in a small open-back metal utility box. 

The i.f. output jack at the rear provides a 
convenient way of attaching accessory devices 
such as an oscilloscope for modulation checking. 

A side-by-side comparison of the finished re- 
ceiver with some of the better-quality commer- 
cial units will show that this receiver can hold 
its own in sensitivity, selectivity and stability. 
Needless to say, the more care taken in construc- 
tion, wiring and alignment the better the results. 


Fig. 5-60—Inside view of the calibrator unit. The 100-kc. 
oscillator coil, Li5, is at the right, the oscillator transistor, 
Qz2, is in the foreground mounted to the crystal socket, and 
the amplifier transistor, Qi, is mounted at the right on a 
terminal strip. The 100-kc. crystal is mounted horizontally 
between the plate and the octal plug. The plug can be 
mounted on 2-inch screws as shown in the photograph, 
or on the bottom plate of the Minibox, with flexible leads 
to the circuit. If the calibrator is to be used as a self-con- 
tained unit (see text) the octal plug is not necessary. 


5 — HIGH-FREQUENCY RECEIVERS 


A Transistorized Q Multiplier 


A “Q multiplier” is an electronic device that 
boosts the Q of a tuned circuit many times beyond 
its normal value. In this condition the single 
tuned circuit has:much greater selectivity than 
normal, and it can be utilized to reject or amplify 
a narrow band of frequencies. There are vacuum- 
tube versions of the Q-multiplier circuit, but the 
transistorized Q multiplier to be described has 
the advantage that it eliminates a power-supply 
problem and is very compact. 


Circuit and Theory 


Parallel-tuned circuits have been used for years 
as “suck-out”’ trap circuits. Properly coupling a 
parallel-tuned circuit loosely to a vacuum-tube 
amplifier stage, it will be found that the amplifier 
stage has no gain at the frequency to which the 
trap circuit is tuned. The additional tuned circuit 
puts a “notch” in the response of the amplifier. 
The principle is used in TV and other amplifiers 
to minimize response to a narrow band of fre- 
quencies. Increasing the Q of the trap circuit 
reduces the width of the rejection notch. 

The transistorized Q multiplier makes use of 
the above effect for its operation. A tuned circuit 
is made regenerative to increase its Q and is 
coupled into the i.f. stage of a receiver. By chang- 
ing the frequency of the regenerative circuit, the 
sharp notch can be moved about across the pass- 
band of the receiver. The width of the notch is 
changed by controlling the amount of regen- 
eration. 

Although it seems paradoxical, the transistor- 
ized Q multiplier with no change in circuitry will 
also permit “peaking” an incoming signal the 
way a vacuum-tube Q multiplier does. The mode 
of operation is selected by adjustment of the 
regeneration control, and this then usually re- 
quires a slight readjustment of the frequency 
control. The peaking effect is not quite as pro- 
nounced as the notch, but it is still adequate to 
give fairly good single-signal ¢.w. reception with 
a receiver of otherwise inadequate selectivity. 

The regenerative circuit builds up the signal 
and feeds it back to the amplifier at a higher level 


Fig. 5-61 —Circuit diagram of 
the 455-kc. transistorized Q 
multiplier. Unless otherwise in- 
dicated, capacitances are in 
upf., resistances are in ohms, 
resistors are 2 watt. 


C:—15-yyf. variable capacitor (Hammarlund HF-15). 

L1—1000-2000-wh. s!ug-tuned coil (North Hills 120-K. 
North Hills Electric Co., Mineola, N. Y.). 

l2—500-1000-wuh. slug-tuned coil (North Hills 120-J). 

Qi—CK768 PNP junction transistor. 

Si—Part of Rj. 

W1—Three-foot length of RG-58/U cable. 
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and in the proper phase to add to the original 
signal. The notch effect described earlier works 
in a similar manner except that the tuning of the 
regenerative circuit is such that it feeds back the 
signal out of phase. . 

The schematic diagram of the Q multiplier is 
shown in Fig. 5-61. The inductor Z, furnishes 
coupling from the receiver to the Q multiplier, 
and C4 is required to prevent short-circuiting 
the receiver’s plate supply. The multiplier proper 
consists of the tunable circuit CyC3Le connected 
to a transistor in the collector-tuned common- 
base oscillator circuit using capacitive feedback 
via Cy. Regeneration is controlled by varying the 
d.c. operating voltage through dropping resistor 
ity: 

Layout 


The unit and power supply are built in a small 
aluminum ‘“‘ Minibox”’ measuring 5 X 244 XK 2144 
inches (Bud CU-3004) and the operating controls 
are mounted on a lucite or aluminum subpanel. 
All parts of the unit are built on one half of the 
box. This feature not only simplifies construction 
but makes a battery change a simple job, even if 
this is required only a couple of times a year. 

All major components, such as the two slug- 
tuned coils, tie point, battery holder, regenera- 
tion and tuning controls, are mounted directly on 
the box and subpanel. The remaining resistors, 
capacitors and the single transistor are sup- 
ported by their connections to the above parts. 

The two slug-tuned coils, 2; and Lg, are cen- 
tered on the box and spaced one inch apart on 
centers. Operating controls Cy and R, are placed 
114 inches from the ends of the subpanel and 
centered. The tie point mounts directly behind 
tuning control C4. 

Power for the unit is supplied by four penlight 
cells (type 912) which are mounted in the battery 
holder (Lafayette Radio Co. Stock No. MS-170) 
directly behind regeneration control f,. Total 
drain on the battery never exceeds 0.2 ma. 

Connection to the receiver is made with a three- 
foot length of RG-58/U cable brought through 
the rear wall of the Minibox. A rubber’grommet 
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should be placed in the hole to prevent chafing of 
the cable insulation. 

When soldering the transistor in place, be sure 
to take the usual precautions against heat damage. 


Alignment 


After completing the wiring (and double-check- 
ing it) connect the open end of the three-foot 
cable to the plate circuit of the receiver mixer 
tube. This can be done in a permanent fashion 
by soldering the inner conductor of the cable to 
the plate pin on the tube socket or any point that 
is connected directly to this pin, and by soldering 
the shield to any convenient nearby ground point. 
If you are one of those people who is afraid to 
take the bottom plate off his receiver, and you 
have a receiver with octal tubes, a ‘‘chicken con- 
nection”? can be made by removing the mixer 
tube and wrapping a short piece of small wire 
around the plate pin. Reinsert the tube in its 
socket and solder the center conductor of the 
coax to the small wire coming from the plate pin. 
Now ground the coax shield to the receiver chassis. 
It is important to keep the lead from the tube pin 
to the coax as short as possible, to prevent stray 
pickup. 

Check the schematic diagram of the receiver 
for help in locating the above receiver connections. 

Turn on the receiver and tune in a signal 
strong enough to give an S-meter reading. Any 
decent signal on the broadcast band will do. 
Next, tune the slug on Z, until the signal peaks 
up. You are tuning out the reactance of the con- 
necting cable, and effectively peaking up the if. 
If the receiver has no § meter, use an a.c. volt- 
meter across the audio output. When this step 
has been successfully completed the Q multiplier 
is properly connected to the receiver and when 
switched to ‘‘off’’ (S; opened) will not affect nor- 
mal receiver operation. 

The next step is to bring the multiplier into 
oscillation, and to adjust-its frequency to a useful 
range. Set the tuning control to half capacity and 
advance the regeneration control to about half 
open. This latter movement also turns the power 
on. Tune the receiver to a clear spot and set the 
receiver b.f.o. to the center of the pass-band. 
Now adjust the slug of Ly. The multiplier should 
be oscillating, and somewhere in the adjustment 
of Le a beat note will be heard from the receiver. 
This indicates the frequency of oscillation is 
somewhere on or near the 1.f. Swing this into zero 
beat with the b.f.o. 


Final Adjustment 


One of the best ways to make final alignment 
is to simulate an unwanted heterodyne in the 
receiver and adjust the Y multiplier for maximum 
attenuation of the unwanted signal. To do this, 
tune in a moderately weak signal with the b.f.o. 
on. A broadcast station received with the antenna 
disconnected will do. The b.f.o. will beat with the 
incoming signal, producing an audio tone. Adjust 
the b.f.o. for a tone of about 1 ke. or so. 

Back off on control Ry until the oscillator be- 
comes regenerative. By alternately adjusting the 


Fig. 5-62—View of the Q multiplier showing its single 
connecting cable to the receiver. The box can be placed 
in any convenient spot on or around the recéiver. 


tuning control, Cj, and the regeneration control, 
Ry, a point can be found where the audio tone 
disappears, or at least is attenuated. Some slight 
retouching of Lz may have to be done in the 
above alignment, since the movement of any one 
control tends to ‘‘pull” the others. The optimum 
situation is to have the tuning control C; set at 
about half capacity when the notch is in the 
center of the passband. 

If you happen to get a super active transistor 
and the regeneration control does not have the 
range to stop oscillator action, increase the value 
of the ‘seriés resistor Ry. Conversely, if the unit 
fails to oscillate, reduce the value of Re. 

When making the above adjustments, you 
should notice that the audio tone can be peaked 
as well as nulled. If it can not be peaked, a little 
more practice with the controls should produce 
this condition. In the unit shown here, the best 
null was produced with the regeneration control 
turned only a few degrees. Optimum peak posi- 
tion was obtained with the regeneration control 
almost.at the point of oscillation. 


Fig. 5-63—The Q multiplier and its battery supply are 
combined in one small Minibox. The single transistor is 
visible near the top right corner. 


5 —HIGH-FREQUENCY RECEIVERS 


Conelrad 


Effective January 2, 1957, the ‘“‘Conelrad”’ 
rules became part of the amateur regulations. 
Essentially, compliance with the rules consists of 
monitoring a broadcast station — standard band, 
f.m. or TV — either continuously or at intervals 
not exceeding ten minutes, during periods in 
which the amateur transmitter is in use. On re- 
ceipt of a Conelrad Alert all transmitting must 
cease, except as authorized in 12.193 and 12.194 
of the FCC regulations. 

The existence of an Alert may be determined 
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Fig. 5-64—Converter circuit for monitoring broadcast sta- 
tions in connection with a communications receiver. 
Capacitances are in uwyf. 

Cia, Cig—Two-gang broadcast capacitor, oscillator sec- 
tion according to intermediate frequency to be 
used. 

Li—Loop stick. 

Ti—B.c. oscillator transformer (for i.f. to be used). 

To—I.f. coil and trimmer. This can be taken from an i.f. 
transformer, or the transformer can be used intact, 
the output being taken from the secondary. 

Note: If only one broadcast station is to be monitored 

Ci, and Cig can be padder-type capacitors (or a com- 

bination of padding and fixed capacitance as required) 

adjusted for the desired station and intermediate fre- 
quencies. Other types of converter tubes may be substi- 
tuted if desired. 

Power for the unit can be taken from the receiver’s 

“accessory” socket. 


as outlined in 12.192(b)(3). Operation during 
hours when local broadcast stations are not on 
the air will require tuning through the standard 
broadcast band to determine if operation appears 
to be normal. The presence of any U.S. broadcast 
stations on frequencies other than 640 and 1240 
ke. indicates normal operation. 

Perhaps the simplest form of compliance is by 
means of a simple converter working into the i.f. 
amplifier of the regular station receiver. A typical 
circuit is shown in Fig. 5-64. The converter can 
be built in a small metal case and mounted at a 
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convenient spot on the receiver so that S; can be 
closed at regular intervals for checking the 
broadcast station. As an alternative, the con- 
verter can be mounted out of the way at the rear 
of the receiver and the switch leads brought out 
to a convenient spot. 


@ A “FAIL-PROOF” CONELRAD ALARM 


The conelrad alarm shown in Fig. 5-65 uses a 
small b.c. receiver to furnish both audible and 
visible indications of a Conelrad Alert (the re- 
ceiver may still be used for normal broadcast 
reception). 

With the receiver tuned to a broadcast carrier 
and the alarm circuit in operation, a green ‘‘safe”’ 
light indicates that all is well on the broadcast 
band. When the broadcast carrier goes off, as it 
will in a Conelrad Radio Alert, the green light 
goes out, a red “‘danger”’ light comes on, a buzzer 
sounds, and the 115-volt a.c. line to the trans- 
mitter is opened up. In other words, the device 
puts you off the air! The audible and visible 
warnings also are given in the event of a com- 
ponent failure in either the control receiver or 
the alarm. Even the disappearance of the 115- 
volt supply will not go unnoticed, since in that 
case the green ‘‘safe”’ light will go out, indicating 
that the alarm is inoperative. 

The alarm requires a minimum of 0.7 volts 
(negative) from the receiver’s a.v.c. (automatic 
volume control) circuit for dependable operation. 
Receivers having one stage of i.f. amplification 
will develop at least this much a.yv.c. voltage 
when tuned to a signal of reasonable strength. 
But watch out for the ‘‘superhets”’ that do not 
have an 1.f. stage; they are of little value as a 
source of control voltage for the alarm. You 
can usually find out if the receiver has an if. 
stage by looking at the tube list pasted on either 
the chassis or the inside of the cabinet. 

The circuit of the alarm is shown in section B, 
Fig. 5-65. Section A is a typical a.v.c.-detector- 
first audio stage of an a.c.-d.c. receiver, and shows 
how the alarm circuit is tied into a receiver. 

Although a 12AV6 is shown as the detector, 
other tubes may be used in some receivers. How- 
ever, the basic circuit will be the same or very 
similar. 

Finding the a.v.c. line in the jumble beneath 
the chassis of the ordinary a.c.-d.c. receiver is not 
always easy. Here are a few hints: 

Using section A, Fig. 5-65, as a guide, locate 
the detector tube socket. Trace out the leads go- 
ing to the secondary of the last i.f. transformer, 
T,. This transformer usually will be adjacent to 
the detector tube. The lower end of the secondary 
winding will be connected to several different re- 
sistors, one of these being the diode-load filter 
resistor (approximately 50K in most circuits) and 
another the a.v.c. filter resistor, Ry. The value of 
the latter resistor is ordinarily above one meg- 
ohm. Trace through R, in the direction of the 
arrow (Fig. 5-65), until you locate the fairly high 
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Fig. 5-65—Circuit of the Conelrad alarm (B) connected to the a.v.c. circuit (A) of a typical a.c.-d.c. broadcast receiver. 
Resistors are Y2 watt unless otherwise specified. Ci, Ri and Tj in section A are components in the broadcast receiver. 


11 —6-volt a.c. buzzer (Edwards 725). 

lo, ls —6-volt pilot lamp, No. 47. 

Ki—D.p.d.t. sensitive relay, 5000-ohm coil, 5-amp. con- 
tacts (Potter & Brumfield GB11D). 

Ro2—5-megohm potentiometer. 


value (0.05 wf. or so) a.v.c. filter capacitor, C1. 
Now you have the a.v.c. line clearly identified 
and the tap for the alarm circuit may be made. 

Notice that the cathode of V1 and the cold side 
of C; are both returned to a common bus or —B 
line, not directly to the chassis. Also observe that 
the return for the alarm circuit is made to the 
common bus in the receiver, not to the chassis of 
the set. Do not ground this lead to the chassis or 
connect it to any exposed metal parts. If there is 
any difficulty in locating the common bus in the 
vicinity of the detector stage, check back from 
the negative side of the power-supply filter ca- 
pacitors, as this point is always attached to the 
common bus. 

The monitor should be built in an insulated 
box of some kind and not in a metal case. The 
box can be made of plywood, or a bakelite in- 
strument case (e.g., ICA type 8202). The bake- 
lite case is ideal for the application, but it must 
be handled with care during construction, to 
avoid scratching, chipping, or breakage. Be espe- 
cially careful when drilling large holes such as 
those used in mounting the pilot-lamp assem- 
blies and switches, because a large drill tends to 
bind and crack the case. 


Si, Ss—S.p.s.t. rotary canopy switch (ICA 1257). 

S2—Momentary-contact switch (Switchcraft 101). 

T2—Replacement-type power transformer, 150 volts, 25 
ma.; 6.3 volts, 0.5 amp. (Merit P-3046 or 
equivalent). 


Testing and Operating 


The chances are pretty good that right after 
the receiver and the monitor have been turned on 
the red lamp will light and — if you haven’t had 
the foresight to open S3 to prevent the noise — 
the buzzer will sound. Tune the receiver to a 
broadcast station and see if the red light goes out 
and the green light comes on. If this happens, 
close S3 and vou’re all set for conelrad compli- 
ance. If the “safe” light does not come on, tune 
around for a signal strong enough to actuate the 
alarm. Should the signal of greatest apparent 
strength fail to trigger the monitor, leave the re- 
ceiver tuned to this signal and then momentarily 
press So. The alarm should now lock on “‘safe,”’ 
provided the a.v.c. circuit delivers 0.7 volt or 
more to Vga. 

The only d.c. measurements of any conse- 
quence that need be made in checking through 
the alarm circuit are the output voltage of the 
power supply and the voltage at the cathode of 
Vos. The proper voltages at these two points 
are given on the circuit diagram. If the alarm 
fails to respond properly, it may be advisable to 
check the a.v.c. voltage with a v.t.v.m. 
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CHAPTER 6 


High-Frequency 


Transmiiters 


The principal requirements to be met in c.w. 
ransmitters for the amateur bands between 1.8 
and 30 Me. are that the frequency must be as 
stable as good practice permits, the output signal 
must be free from modulation and that harmonics 
and other spurious emissions must be eliminated 
or reduced to the point where they do not cause 
interference to other stations. 

The over-all design depends primarily upon the 
bands in which operation is desired, and the 
power output. A simple oscillator with satisfac- 
tory frequency stability may be used as a trans- 
mitter at the lower frequencies, as indicated in 
Fig. 6-LA, but the power output obtainable is 
small. As a general rule, the output of the oscil- 
lator is fed into one or more amplifiers to bring 
the power fed to the antenna up to the desired 
level, as shown in B. 


An amplifier whose output frequency is the 


same as the input frequency is called a straight 
amplifier. A buffer amplifier is the term some- 
times applied to an amplifier stage to indicate 
that its primary purpose is one of isolation, rather 
than power gain. 

Because it becomes increasingly -difficult to 
maintain oscillator frequency stability as the 
frequency is increased, it is most “usual prac- 
tice in working at the higher frequencies to 
operate the oscillator at a low frequency and 
follow it with one or more frequency multi- 
pliers as required to arrive at the ‘desired out- 
put frequency. A frequency multiplier is an 
amplifier that delivers output at a multiple 
of the exciting frequency. A doubler is a mul- 
tipher that gives output at twice the exciting 
frequency; a tripler multiplies the exciting fre- 
quency by three, ete. From the viewpoint of any 
particular stage in a transmitter, the preceding 
stage is its driver. 

As a general rule, frequency multipliers should 
not be used to feed the antenna system directly, 
but should feed a straight amplifier which, in 
turn, feeds the antenna system, as shown in 
Fig. 1-C, D and E. As the diagrams indicate, it is 
often possible to operate more than -one ‘stage 
from a single power supply. Pe 

Good frequency stability is most easily ob- 
tained through the use of a crystal-controlled 
oscillator, although a different crystal is needed 
for each frequency desired (or multiples of that 
frequency). A self-controlled oscillator or v.f.o. 
(variable-frequency oscillator) may be tuned to 
any frequency with a dial in the manner of a 
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receiver, but requires great care in design and 
construction if its stability is to compare with 
that of a crystal oscillator. 

In all types of transmitter stages, screen-grid 
tubes have the advantage over triodes that they 
require less driving power. With a lower-power 
exciter, the problem of harmonic reduction is 
made easier. Most satisfactory oscillator circuits 
use a screen-grid tube. 


WV 


OSC 


Fig. 6-1—Block diagrams showing typical combinations 

of oscillator and amplifiers and power-supply arrange- 

ments for transmitters. A wide selection is possible, de- 

pending upon the number of bands in which operation is 
desired and the power output. 


Oscillators 


@ CRYSTAL OSCILLATORS 

The frequency of a crystal-controlled oscillator 
is held constant to a high degree of accuracy by 
the use of a quartz crystal. The frequency de- 
pends almost entirely on the dimensions of the 
crystal (essentially its thickness); other circuit 
values have comparatively negligible effect. 
However, the power obtainable is limited by the 
heat the crystal will stand without fracturing. 
The amount of heating is dependent upon the 
r.f. crystal current which, in turn, is a function 
of the amount of feedback required to provide 
proper excitation. Crystal heating short of the 
danger point results in frequency drift to an 
extent depending upon the way the crystal is 
cut. Excitation should always be adjusted to the 
minimum necessary for proper operation. 


Crystal-Oscillator Circuits 


The simplest erystal-oscillator circuit is shown 
in Fig. 6-2A. An equivalent circuit is shown 
in Fig. 6-2B, where C4 represents the grid- 
cathode capacitance and Cs indicates the plate- 
cathode, or output capacitance. The ratio of 
these capacitors controls the excitation for the 
oscillator, and good practice generally requires 
that both of these capacitances be augmented 
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adjustments made in the plate tank circuit when 
the latter is tuned near the fundamental fre- 
quency of the crystal, the effects can be satis- 
factorily minimized by proper choice of the oscil- 
lator tube. 

The circuit of Fig. 6-3A is known as the Tri- 
tet. The oscillator circuit is that of Fig. 6-2C. 
Excitation is controlled by adjustment of the tank 
£4C;, which should have a low L/C ratio, and be 
tuned considerably to the high-frequency side of 
the crystal frequency (approximately 5 Me. for a 
3.0-Me. erystal) to prevent over-excitation and 
high crystal current. Once the proper adjustment 
for average crystals has been found, C, may 
be replaced with a fixed capacitor of equal 
value. 

The oscillator circuit of Fig. 6-3B is that of 
Fig. 6-2A. Excitation is controlled by C9. 

The oscillator of the grid-plate circuit of Fig. 
6-3C is the same as that of Fig. 6-3B, except that 
the ground point has been moved from the cath- 
ode to the plate of the oscillator (in other words, 
to the screen of the tube). Excitation is adjusted 
by proper proportioning of Cg and C7. 

When most types of tubes are used in the cir- 
cuits of Fig. 6-3, oscillation will stop when the 
output plate circuit is tuned to the crystal fre- 
quency, and it is necessary to operate with the 


Fig. 6-2—Simple crystal-oscillator circuits. A—Pierce. B—Equivalent of circuit A. C—Simple triode oscillator. Ci is a 
plate blocking capacitor, C2 an output coupling capacitor, and C3 a plate bypass. Cs and Cs are discussed in the text. 
Cs and L; should tune to the crystal fundamental frequency. R: is the grid leak. 


by external capacitors, to provide better control 
of the excitation. 

The circuit shown in Fig. 6-2C is the equivalent 
of the tuned-grid tuned- plate circuit discussed in 
the chapter on vacuum-tube principles, the crys- 
tal replacing the tuned grid circuit. 

The most commonly used crystal- pea tlater cir- 
cuits are based on one or the other of these two 
simple types, and are shown in Fig. 6-3. Although 
these circuits are somewhat more complicated, 
they combine the functions of oscillator and am- 
plifier or frequency multiplier in a single tube. In 
all of these circuits, the screen of a tetrode or 


pentode is used as the plate in a triode oscillator. - 


Power output is taken from a separate tuned tank 
circuit in the actual plate circuit. Although the 
oscillator itself is not entirely independent of 


plate tank circuit critically detuned for maxi- 
mum output. with stability. However, when the 
6AG7, 5763, or the lower-power 6AH6 is used 
with proper adjustment of excitation, it is possi- 
ble to tune to the crystal frequency without 
stopping oscillation. The plate tuning character- 
istic should then be similar to Fig. 6-4. These 
tubes also operate with less crystal current than 
most other types for a given power output, and 
less frequency change occurs when the plate 
circuit is tuned through the crystal frequency 
(less than 25 cycles at 3.5 Mc.). 

Crystal current may be estimated by observing 
the relative brilliance of a 60-ma. dial lamp con- 
nected in series with the crystal. Current should 
be held to the minimum for satisfactory output 
by careful adjustment of excitation. With the 
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operating voltages shown, satisfactory output 
should be obtained with crystal currents of 40 
ma. or less. 

In these circuits, output may be obtained at 
multiples of the crystal frequency by tuning the 
plate tank circuit to the desired harmonic, the 


(A) 


FIED 
) MEKCE 


6AG7 


(C) GRID-PLATE +150 TO 300 


Fig. 6-3—Commonly used crystal-controlled oscillator cir- 
cuits. Values are those recommended for a 6AG7 or 5763 
tube. (See reference in text for other tubes.) 
Ci—Feedback-control capacitor—3.5-Mc. crystals—ap- 
prox. 220-uyuf. mica—7-Mc. crystals—approx. 
150-upf. mica. 

Co—Output tank capacitor— 100-uyf. variable for single- 
band tank; 250-uwuf. variable for two-band tank. 

C3—Screen bypass—0.001-yf. disk ceramic. 

C4—Plate bypass—0.001-yf. disk ceramic. 

Cs—Output coupling capacitor—50 to 100 uf. 

Ce—Excitation-control capacitor—30-yuyf. trimmer. 

C7—Excitation capacitor—220-uuf. mica for 6AG7; 
100-uyf. for 5763. 

Cs—D.c. blocking capacitor—0.001 -uf. mica. 

Co—Excitation-control capacitor—220-uyf. mica. 

Ri—Grid leak—0.1 megohm, 2 watt. 

Ro—Screen resistor—47,000 ohms, 1 watt. 

L1—Excitation-control inductance—3.5-Mc. crystals—ap- 
prox. 4 ywh.; 7-Mc. crystals—approx. 2 wh. 

l2—Output-circuit coil—single band:—3.5 Mce.—17 yh.; 
7 Me.—8 wh; 14 Me—2.5 wh.; 28 Me.—1 yh. 
Two-band operation: 3.5 & 7 Mc.—7.5 ph.; 7 & 
14 Mce.—2.5 wh. 

RFC; —2.5-mh. 50-ma. r.f. choke. 
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output dropping off, of course, at the higher har- 
monics. Especially for harmonic operation, a low- 
C plate tank circuit is desirable. 

For best performance with a 6AG7 or 5763, the 
values given under Fig. 6-3 should be followed 
closely. 


@ VARIABLE-FREQUENCY 
OSCILLATORS 


The frequency of a v.f.o. depends entirely on 
the values of inductance and capacitance in the 
circuit. Therefore, it is necessary to take careful 
steps to minimize changes in these values not 
under the control of the operator. As examples, 
even the minute changes of dimensions with 
temperature, particularly those of the coil, may 
result in a slow but noticeable change in frequency 
called drift. The effective input capacitance of 
the oscillator tube, which must be connected 
across the circuit, changes with variations in 
electrode voltages. This, in turn, causes a change 
in the frequency of the oscillator. To make use 
of the power from the oscillator, a load, usually 
in the form of an amplifier, must be coupled to 
the oscillator, and variations in the load may re- 
flect on the frequency. Very slight mechanical 
movement of components may result in a shift in 
frequency, and vibration can cause modulation. 


V.F.O. Circuits 


Fig. 6-5 shows the most commonly used cir- 
cuits. They are all designed to minimize the 
effects mentioned above. All are similar to the 
crystal oscillators of Fig. 6-3 in that the screen 
of a tetrode or pentode is used as the oscillator 
plate. The oscillating circuits in Figs. 6-5A and 
B are the Hartley type; those in C and D are 
Colpitts circuits. (See chapter on vacuum-tube 
principles.) In the circuits of A, B and C, all of 
the above-mentioned effects, except changes in 
inductance, are minimized by the use ef a high-Q 
tank circuit obtained through the use of large 
tank capacitances. Any uncontrolled changes in 
capacitance thus become a very small percentage 
of the total circuit capacitance. 

In the series-tuned Colpitts circuit of Fig. 
6-5D (sometimes called the Clapp circuit), a 
high-Q circuit is obtained in a different manner. 
The tube is tapped across only a small portion 
of the oscillating tank circuit, resulting in very 
loose coupling between tube and circuit. The 
taps are provided by a series of three capacitors 
across the coil. In addition, the tube capacitances 
are shunted by large capacitors, so the effects of 
the tube — changes in electrode voltages and 
loading — are still further reduced. In contrast 


Fig. 6-4— Plate tuning 
characteristic of circuits of 
Fig. 6-3 with preferred 
types (see text). The plate- 
current dip at resonance 
broadens and is less pro 
nounced when the circuit is 
loaded. 


PLATE CURRENT 


TUNING CAPACITY 


Oscillators 


to the preceding circuits, the resulting tank 
circuit has a high L/C ratio and therefore the 
tank current is much lower than in the circuits 
using high-C tanks. As a result, it will usually 
be found that, other things being equal, drift 
will be less with the low-C circuit. 

For best stability, the ratio of Cy or C13 
(which are usually equal) to Cio + Cy, should be 
as high as possible without stopping oscillation. 
The permissible ratio will be higher the higher 
the Q of the coil and the mutual conductance of 
the tube. If the circuit does not oscillate over the 
desired range, a coil of higher Q must be used or 
the capacitance of Cj. and C43 reduced. 


Load Isolation 


In spite of the precautions already discussed, 
the tuning of the output plate circuit will cause a 


Cy 


O 
+75T0150 +150 TO 300 


(A) HARTLEY 


O O 
+75 70150 +150 TO 300 


COLPI FILS 


(C) 


noticeable change in frequency, particularly in 
the region around resonance. This effect can be 
reduced considerably by designing the oscillator 
for half the desired frequency and doubling fre- 
quency in the output circuit. 

It is desirable, although not a strict necessity 
if detuning is recognized and taken into account, 
to approach as closely as possible the condition 
where the adjustment of tuning controls in the 
transmitter, beyond the v.f.o. frequency control, 
will have negligible effect on the frequency. This 
can be done by substituting a fixed-tuned circuit 
in the output of the oscillator, and adding 
isolating stages whose tuning is fixed between the 
oscillator and the first tunable amplifier stage in 
the transmitter. Fig. 6-6 shows such an arrange- 
ment that gives good isolation. In the first stage, 
a 6C4 is connected as a cathode follower. This 


O O 
+75T0150 +150 TO 300 


(B) HARTLEY —UNTUNED OUTPUT 


+75 T0150 +150TO 300 


(D) 


SERIES — TUNED COLPITTS 


Fig. 6-5—V.f.o. circuits. Approximate values for 3.5-4.0-Mc. output are given below. Grid circuits are tuned to half 
frequency (1.75 Mc.). 


Ci—Oscillator bandspread tuning capacitor—200-yyf. 
variable. 

Co—Output-circuit tank capacitor—47-uyf. 

Cs—Oscillator tank capacitor—600-uuf. zero-tempera- 
ture-coefficient mica. 

Cs—Grid coupling capacitor—100-yuuf. zero-tempera- 
ture-coefficient mica. 

Cs—Screen bypass—0.001-yf. disk ceramic. 

Ce—Plate bypass—0.001-yf. disk ceramic. 

C7—Output coupling capacitor—50 to 100-yuf. mica, 

Cs—Oscillator tank capacitor—750-uuf. zero-tempera- 
ture-coefficient mica. 

Co—Oscillator tank capacitor—0,0033-yf. 
perature-coefficient mica. 

Cio—Oscillator bandspread padder—100-yuyf. variable 

oes ori: 


zero-tem- 


Ci—Oscillator bandspread tuning capacitor—50-yyf. 
variable. 

Ci4—Tube-coupling capacitor—0.002-yf. 
temperature-coefficient mica. — 

Ri—47,000 ohms, 2 watt. 

Li— Oscillator tank coil—10 wh., tapped about one-third- 

way from grounded end. 

L2—Output-circuit tank coil— 20-40 wh., adjustable. 

L3—Oscillator tank coil—10 wh. 

L3—Oscillator tank coil—10 jh. 

La—Oscillator tank coil—70O wh. 

Ls—Output coil—100-140 wh., adjustable. 

RFCi—100 uh. r.f. choke. 

Vi—6AG7 5763 or 6AH6 preferred; other types usable. 

V2—6AG7, 5763 or 6AH6 required for feedback ca- 

pacitances shown. 


Ci3, zero- 
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drives a 5763 buffer amplifier whose input 
circuit is fixed-tuned to the approximate band of 
the v.f.o. output. For best isolation, it is impor- 
tant that the 6C4 does not draw grid current. 
The output of the v.f.o., or the cathode resistor 
of the 6C4 should be adjusted until the voltage 
across the cathode resistor of the 6C4 (as meas- 
ured with a high-resistance d.c. voltmeter with 
an r.f. choke in the positive lead) is the same with 
or without excitation from the v.f.o. 1; should 
be adjusted for most constant output from the 
5763 over the band. 
Chirp 

In all of the circuits shown there will be some 
change of frequency with changes in screen and 
plate voltages, and the use of regulated voltages 
for both usually is necessary. One of the most 
serious results of voltage instability occurs if 
the oscillator is keyed, as it often is for break-in 
operation. Although voltage regulation will 
supply a steady voltage from the power supply 
and therefore is still desirable, it cannot alter 
the fact that the voltage on the tube must rise 
from zero when the key is open, to full voltage 
when the key is closed, and must fall back again 
to zero when the key is opened. The result is a 
chirp each time the key is opened or closed, 
unless the time con- 
stant in the keying 
circuit is reduced to 
the point where the 
chirp takes place so 
rapidly that the re- 
celving operator’s 
ear cannot detect it. 
Unfortunately,as 
explained in the 
chapter on keying, 
a certain minimum 
time constant is nec- 
essary if key clicks 
are to be minimized. 
Therefore it is evi- 
dent that the meas- 
ures necessary for 
the reduction of 
chirp and clicks are 
in opposition, and a compromise is necessary. For 
best keying characteristics, the oscillator should 
be allowed to run continuously while a subse- 
quent amplifier is keyed. However, a keyed 
amplifier represents a widely variable load and 
unless sufficient isolation is provided between the 
oscillator and the keyed amplifier, the keying 
characteristics may be little better than when 
the oscillator itself is keyed. (See keying chapter 
for other methods of break-in keying.) 


Voce. 
6C4 


Frequency Drift 


Frequency drift is further reduced most easily 
by limiting the power input as much as possible 
and by mounting the components of the tuned 
circuit in a separate shielded compartment, so 
that they will be isolated from the direct heat 
from tubes and resistors. The shielding also will 
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eliminate changes in frequency caused by move- 
ment of nearby objects, such as the operator’s 
hand when tuning the v.f.o. The circuit of Fig. 
6-5D lends itself well to this arrangement, since 
relatively long leads between the tube and the 
tank circuit have negligible effect on frequency 
because of the large shunting capacitances. The 
grid, cathode and ground leads to the tube can 
be bunched in a cable up to several feet long. 
Variable capacitors should have ceramic in- 
sulation, good bearing contacts and should pref- 
erably be of the double-bearing type, and fixed 
capacitors should have zero temperature coeff- 
cient. The tube socket also should have ceramic 
insulation and special attention should be paid to 
the selection of the coil in the oscillating section. 


Oscillator Coils 


The Q of the tank coil used in the oscillating 
portion of any of the circuits under discussion 
should be as high as circumstances (usually 
space) permit, since the losses, and therefore 
the heating, will be less. With recommended care 
in regard to other factors mentioned previously, 
most of the drift will originate in the coil. The 
coil should be well spaced from shielding and 
other large metal surfaces, and be of a type that 
radiates heat well, such as a commercial air- 
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1000 
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Fig. 6-6—Circuit of an isolating amplifier for use between v.f.o. and first tunable stage. 
Unless otherwise specified, all capacitances are in uf., all resistors are Y2 watt. li, for the 
3.5-Mc. band, consists of 100-140 wh. adjustable inductor. RFC: is 100 wh. 

All capacitors are disk ceramic. 


wound type, or should be wound tightly on a 
threaded ceramic form so that the dimensions will 
not change readily with temperature. The wire 
with which the coil is wound should be as large as 
practicable, especially in the high-C circuits. 


Mechanical Vibration 


To eliminate mechanical vibration, components 
should be mounted securely. Particularly in the 
circuit of Fig. 6-5D, the capacitor should pref- 
erably have small, thick plates and the coil 
braced, if necessary, to prevent the slightest me- 
chanical movement. Wire connections between 
tank-circuit components should be as short as pos- 
sible and flexible wire will have less tendency to 
vibrate than solid wire. It is advisable to cushion 
the entire oscillator unit by mounting on sponge 
rubber or other shock mounting. 


R.F. Amplifiers 


Tuning Characteristic 


If the circuit is oscillating, touching the grid of 
the tube or any part of the circuit connected to it 
will show a change in plate current. In tuning the 
plate output circuit without load, the plate cur- 
rent will be relatively high until it is tuned near 
resonance where the plate current will dip to a 
low value, as illustrated in Fig. 6-4. When the 
output circuit is loaded, the dip should still be 
found, but broader and much less pronounced as 
indicated by the dashed line. The circuit should 
not be loaded beyond the point where the dip is 
still recognizable. 


Checking V.F.O. Stability 


A v.f.o. should be checked thoroughly before 
it is placed in regular operation on the air. Since 
succeeding amplifier stages may affect the signal 
characteristics, final tests should be made with 
the complete transmitter in operation. Almost 
any v.f.o. will show signals of good quality and 
stability when it is running free and not con- 
nected to a load. A well-isolated monitor is a 
necessity. Perhaps the most convenient, as well 
as one of the most satisfactory, well-shielded 
monitoring arrangements is a receiver combined 
with a crystal oscillator, as shown in Fig. 6-7. 
(See ‘‘Crystal Oscillators,’’ this chapter.) The 
crystal frequency should lie in the band of the 
lowest frequency to be checked and in the fre- 
quency range where its harmonics will fall in the 
higher-frequency bands. The receiver b.f.o. is 
turned off and the v.f.o. signal is tuned to beat 
with the signal from the crystal oscillator in- 
stead. In this way any receiver instability caused 
by overloading of the input circuits, which may 
result in “pulling” of the h.f. oscillator in the 
receiver, or by a change in line voltage to the 
receiver when the transmitter is keyed, will not 


affect the reliability of the check. Most crystals 
have a sufficiently low temperature coefficient, 
to give a check on drift as well as on chirp and 
signal quality if they are not overloaded. 

Harmonics of the crystal may be used to beat 
with the transmitter signal when monitoring at 
the higher frequencies. Since any chirp at the 
lower frequencies will be magnified at the higher 
frequencies, accurate checking can best be done 
by monitoring at a harmonic. 

The distance between the crystal oscillator and 
receiver should be adjusted to give a good beat 
between the crystal oscillator and the transmitter 
signal. When using harmonics of the crystal 
oscillator, it may be necessary to attach a piece 
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Fig. 6-7—Setup for checking v.f.o. stability. The receiver 

should be tuned preferably to a harmonic of the v.f.o. 

frequency. The crystal oscillator may operate somewhere 

in the band in which the v.f.o. is operating. The receiver 
b.f.o. should be turned off. 


of wire to the oscillator as an antenna to give 
sufficient signal in the receiver. Checks may 
show that the stability is sufficiently good to 
permit oscillator keying at the lower frequencies, 
where break-in operation is of greater value, 
but that chirp becomes objectionable at the 
higher frequencies. If further improvement does 
not seem possible, it would be logical in this case 
to use oscillator keying at the lower frequencies 
and amplifier keying at the higher frequencies. 


R.F. Power-Amplifier Tanks and Coupling 


In the remainder of this chapter the vacuum 
tubes will be shown, for the most part, with in- 
directly-heated cathodes. However, many trans- 
mitting tubes use directly-heated filaments for 
the cathodes; when this is done the filament 
“‘center-tap” connection will be used, as shown 
in Fig. 6-8. 


@ PLATE TANK O 


R.f. power amplifiers used in amateur trans- 
mitters are operated under Class-C or —AB 
conditions (see chapter on tube fundamentals). 
The main objective, of course, is to deliver as 
much fundamental power as possible into a load, 
R, without exceeding the tube ratings. The load 
resistance may be in the form of a transmission 
line to an antenna, or the grid circuit of another 
amplifier. A further objective is to minimize the 
harmonic energy (always generated by a Class C 
amplifier) fed into the load circuit. In attaining 
these objectives, the Q of the tank circuit is of 
importance. When a load is coupled inductively, 
as in Fig. 6-10, the Q of the tank circuit will 
have an effect on the coefficient of coupling nec- 


essary for proper loading of the amplifier. In 
respect to all of these factors, a tank Q of 10 to 
20 is usually considered optimum. A much lower 
Q will result in less efficient operation of the am- 
plifier tube, greater harmonic output, and greater 
difficulty in coupling inductively to a load. A 
much higher Q will result in higher tank current 
with increased loss in the tank coil. 

The Q is determined (see chapter on electrical 
laws and circuits) by the L/C ratio and the load 
resistance at which the tube is operated. The tube 
load resistance is related, in approximation, to 


Fig. 6-8—Filament center-tap connec- 
tions to be substituted in place of 
cathode connections shown in diagrams 
when filament-type tubes are sub- 
stituted. T1 is the filament transformer. 
Filament bypasses, Ci, should be 
0.01-uf. disk ceramic capacitors. If a 
self-biasing (cathode) resistor is used, 
it should be placed between the center 
tap and ground. 
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Fig. 6-9—Chart showing plate tank capacitance required 
for a Q of 10. Divide the tube plate voltage by the plate 
current in milliamperes. Select the vertical line correspond- 
ing to the answer obtained. Follow this vertical line to the 
diagonalline for the band in question, and thence horizon- 
tally to the left to read the capacitance. For a given ratio 
of plate-voltage/plate current, doubling the capacitance 
shown doubles the Q etc. When a split-stator capacitor is 
used in a balanced circuit, the capacitance of each section 
may be one half of the value given by the chart. 


the ratio of the d.c. plate voltage to d.c. plate 
current at which the tube is operated. 

The amount of C that will give a Q of 10 for 
various ratios is shown in Fig. 6-9. For a given 
plate-voltate/plate-current ratio, the Q will vary 
directly as the tank capacitance, twice the 
capacitance doubles the Q, etc. For the same Q, 
the capacitance of each section of a split-stator 
capacitor in a balanced circuit should be half 
the value shown. 

These values of capacitance include the output 
capacitance of the amplifier tube, the input capa- 
citance of a following amplifier tube if it is coupled 
capacitively, and all other stray capacitances. At 
the higher plate-voltage/plate-current ratios, the 
chart may show values of capacitance, for the 
higher frequencies, smaller than those attainable 
in practice. In such a case, a tank Q higher than 
10 is unavoidable. 

In low-power exciter stages, where capacitive 
coupling is used, very low-Q circuits, tuned only 
by the tube and stray circuit capacitances are 
sometimes used for the purpose of ‘‘broadband- 
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ing’’ to avoid the necessity for retuning a stage 
across a band. Higher-order harmonics generated 
in such a stage can usually be attentuated in the 
tank circuit of the tinal amplifier. 


@ INDUCTIVE-LINK COUPLING 
Coupling to Flat Coaxial Lines 


When the load R in Fig. 6-10 is located for 
convenience at some distance from the amplifier, 
or when maximum harmonic reduction is de- 
sired, it is advisable to feed the power to the 
load through a low-impedance coaxial cable. 
The shielded construction of the cable prevents 
radiation and makes it possible to install the line 
in any convenient manner without danger of 
unwanted coupling to other circuits, 

If the line is more than a small fraction of a 
wavelength long, the load resistance at its output 
end should be adjusted, by a matching circuit if 
necessary, to match the impedance of the cable. 
This reduces losses in the cable and makes the 
coupling adjustments at the transmitter inde- 
pendent of the cable length. Matching circuits 
for use between the cable and another transmis- 
sion line are discussed in the chapter on trans- 
mission lines, while the matching adjustments 
when the load is the grid circuit of a following 
amplifier are described elsewhere in this chapter. 

Assuming that the cable is properly terminated, 
proper loading of the amplifier will be assured, 
using the circuit of Fig. 6-11A, if 

1) The plate tank circuit has reasonably high 
value of Q. A value of 10 is usually sufficient. 

2) The inductance of the pick-up or link coil 
is close to the optimum value for the frequency 
and type of line used. The optimum coil is one 
whose self-inductance is such that its reactance 
at the operating frequency is equal to the charac- 
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Fig. 6-10—Inductive-link output coupling circuits. 
Ci—Plate tank capacitor—see text and Fig. 6-9 for ca- 
pacitance, Fig. 6-33 for voltage rating. 
Ce—Screen bypass—voltage rating depends on method 

of screen supply. See paragraphs on screen con- 
siderations. Voltage rating same as plate voltage 
will be safe under any condition. 
C3—Plate bypass—0.001-yf. disk ceramic or mica. Volt- 
age rating same as Ci, plus safety factor. 
Li—To resonate at operating frequency with Ci. See LC 
chart and inductance formula in electrical-laws 
chapter, or use ARRL Lightning Calculator. 
L2—Reactance equal to line impedance. See reactance 
chart and inductance formula in electrical-laws 
chapter, or use ARRL Lightning Calculator. 
R—Representing load. 
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Fig. 6-11—With flat transmission lines, power transfer is 
obtained with looser coupling if the line input is tuned to 
resonance. Ci and Li should resonate at the operating 
frequency. See table for maximum usable value of Cy. If 
circuit does not resonate with maximum Ci or less, induct- 
ance of Li; must be increased, or added in series at Lo. 


teristic impedance, Zo, of the line. 

3) It is possible to make the coupling between 
the tank and pick-up coils very tight. 

The second in this list is often hard to meet. 
Few manufactured link coils have adequate in- 
ductance even for coupling to a 50-ohm line at 
low frequencies. 

If the line is operating with a low s.w.r., the 
system shown in Fig. 6-11A will require tight 
coupling between the two coils. Since the sec- 
ondary (pick-up coil) circuit is not resonant, the 
leakage reactance of the pick-up coil will cause 
some detuning of the amplifier tank circuit. This 
detuning effect increases with increasing cou- 
pling, but is usually not serious. However, the 
amplifier tuning must be adjusted to resonance, 
as indicated by the plate-current dip, each time 
the coupling is changed. 


Capacitance in put. Required for Coupling to 
Flat Coaxial Lines with Tuned Coupling Circuit 
Frequency Characteristic Impedance of Line 
a2 ~ 73 
ohms 1 ohms ! 
900 
450 
230 
115 
60 


1 Capacitance values are maximum usable. 


Note: Inductance in circuit must be adjusted to 
resonate at operating frequency. 


Tuned Coupling 

The design difficulties of using ‘‘untuned” 
pick-up coils, mentioned above, can be avoided 
by using a coupling circuit tuned to the operat- 
ing frequency. This contributes additional se- 
lectivity as well, and hence aids in the suppres- 
sion of spurious radiations. 

ff the line is flat the input impedance will be 
essentially resistive and equal to the Zo of the 
line. With coaxial cable, a circuit of reasonable Q 
can be obtained with practicable values of induct- 
ance and capacitance connected in series with the 
line’s input terminals. Suitable circuits are given 
in Fig. 6-11 at B and C. The Q of the coupling 
circuit often may be as low as 2, without run- 
ning into difficulty in getting adequate coupling 
to a tank circuit of proper design. Larger values 
of @ can be used and will result in increased 
ease of coupling, but as the Q is increased the 
frequency range over which the circuit will oper- 
ate without readjustment becomes smaller. It is 
usually good practice, therefore, to use a coupling- 
circuit @ just low enough to permit operation, 
over as much of a band as is normally used for a 
particular type of communication, without re- 
quiring retuning. 

Capacitance values for a Q of 2 and line 
impedances of 52 and 75 ohms are given in the 
accompanying table. These are the maximum 
values that should be used. The inductance in the 
circuit should be adjusted to give resonance at 
the operating frequency. If the link coil used for a 
particular band does not have enough inductance 
to resonate, the additional inductance may be 
connected in series as shown in Fig. 6-11C. 


Characteristics 

In practice, the amount of inductance in the 
circult should be chosen so that, with some- 
what loose coupling between Ly; and the amplifier 
tank coil, the amplifier plate current will increase 
when the variable capacitor, Cy, is tuned through 
the value of capacitance given by the table. The 
coupling between the two coils should then be 
increased until the amplifier loads normally, 
without changing the setting of C,. If the trans- 
mission line is flat over the entire frequency band 
under consideration, it should not be necessary to 
readjust C,; when changing frequency, if the 
values given in the table are used. However, it is 
unlikely that the line actually will be flat over 
such a range, so some readjustment of Cy may be 
needed to compensate for changes in the input 
impedance of the line. If the input impedance 
variations are not large, Cy; may be used as a 
loading control, no changes in the coupling 
between JZ, and the tank coil being necessary. 

The degree of coupling between Z, and the 
amplifier tank coil will depend on the coupling- 
circuit Q. With a Q of 2, the coupling should be 
tight —- comparable with the coupling that is 
typical of ‘‘fixed-link’’ manufactured coils. With 
a swinging link it may be necessary to increase 
the Q of the coupling circuit in order to get suffi- 
cient power transfer. This can be done by in- 
creasing the L/C ratio. 
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@ PI-SECTION OUTPUT TANK 


A pi-section tank circuit may also be used in 
coupling to an antenna or transmission. line, as 
shown in Fig. 6-12. The values of capacitance for 
Cy; and Co, and inductance for Z for any values 
of tube load resistance and output load resistance 
may be calculated from the formulas in the 
chapter on electrical laws. 


COAXIAL — 
LINE 


O O O 

AB Re Ce SE 
Fig. 6-12—Pi-section output tank circuit. 

Ci—Input capacitor. See text or Fig. 6-13 for reactance. 
Voltage rating for c.w. equal to d.c. plate 
voltage; twice this for plate modulation. 

C2— Output capacitor. See text or Fig. 6-15 for reactance. 
See text for voltage rating. 

C3—Heater bypass—0.001-yf. disk ceramic. 

Cs—Screen bypass. See Fig. 6-10. 

C5—Plate bypass. See Fig. 6-10. 

Ce—Plate blocking capacitor—0.001-yf. disk ceramic or 
mica. Voltage rating same as Ci. 

Li—See text or Fig. 6-14 for reactance. 

RFC;—See later paragraph on r.f. chokes. 

RFC2—2.5-mh. receiving type (to reduce peak voltage 
across both Ci and C2 and to blow plate power 
supply fuse if Cg fails). 


Values of reactance for Cy, Z, and Cz may be 
taken directly from the charts of Figs. 6-13, 6-14 
and 6-15 if the output load resistance is 52 or 
72 ohms. It should be borne in mind that these 
-values apply only where the output load is re- 
sistive, i.e., where the antenna and line have 
been matched. The tube load resistance AR, in 
ohms is determined by dividing the plate voltage 
by twice the d.c. plate current in decimal parts of 
an ampere. 


Output-Capacitor Ratings 

The voltage rating of the output capacitor 
will depend upon the s.w.r. If the load is resistive, 
receiving-type air capacitors should be adequate 
for amplifier input powers up to 1 kw. with 
plate modulation when feeding 52- or 72-ohm 
loads. In obtaining the larger capacitances re- 
quired for the lower frequencies, it is common 
practice to switch fixed capacitors in parallel 
with the variable air capacitor. While the voltage 
rating of a mica or ceramic capacitor may not be 
exceeded in a particular case, capacitors of these 
types are limited in current-carrying capacity. 
Postage-stamp silver-mica capacitors should be 
adequate for amplifier inputs over the range from 
about 70 watts at 28 Me. to 400 watts at 14 Me. 
and lower. The larger mica capacitors (CM-45 
case) having voltage ratings of 1200 and 2500 
volts are usually satisfactory for inputs varying 
from about 350 watts at 28 Me. to 1 kw. at 14 Me. 
and lower. Because of these current limitations, 
particularly at the higher frequencies, it is ad- 
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PI-NETWORK DESIGN CHARTS FOR FEED- 
ING 52- OR 72-OHM COAXIAL TRANS- 
MISSION LINES 
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Fig. 6-13—Reactance of input capacitor, Ci, as a function 
of tube load resistance, R1, for pi networks. Ri equals plate 
voltage divided by twice plate current (amperes). 
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Fig. 6-14—Reactance of tank coil, Li, as a function of load 
resistance, Ri, for pi networks. 
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Fig. 6-15—Reactance of loading capacitor, C2, as a 
function of tube load resistance, Ri, for pi networks. 


Pi-Section Output Tanks 


Fig. 6-16—Multiband tuner circuits. In the unbalanced 
circuit of A, Ci and Ce are sections of a single split-stator 
capacitor. In the balanced circuit of D, the two split-stator 
capacitors are ganged to a single control with an insulated 
shaft coupling between the two. In D, the two sections of 
L2 are wound on the same form, with the inner ends con- 
nected to C2. In A, each section of the capacitor should 
have a voltage rating the same as Fig. 6-33A. In D, Ci 
should have a rating the same as Fig. 6-33H (or Fig. 6-33E 
if the feed system corresponds). C2 may have the rating of 
Fig. 6-33E so long as the rotor is not grounded or bypassed 
to ground. 


visable to use as large an air capacitor as prac- 
ticable, using the micas only at the lower frequen- 
cies. Broadcast-receiver replacement-type capaci- 
tors can be obtained very reasonably. They are 
available in triple units totaling about 1100 pxf., 
or dual units totaling about 900 uuf. Their insu- 
lation should be sufficient for inputs of 500 watts 
or more. Air capacitors have the additional ad- 
vantage that they are seldom permanently dam- 
aged by a voltage break-down. 


Neutralizing with Pi Network 


Screen-grid amplifiers using a pi-network out- 
_ put circuit-may be neutralized by the system 
shown in Figs. 6-23B and C. 


@ MULTIBAND TANK CIRCUITS 


Multiband tank circuits provide a convenient 
means of covering several bands without the need 
for changing coils. Tuners of this type con- 
sist essentially of two tank circuits, tuned 
simultaneously with a single control. In a 
tuner designed to cover 80 through 10 meters, 
each circuit has a sufficiently large capacitance 
variation to assure an approximately 2-to-1 
frequency range. Thus, one circuit is designed 
so that it covers 3.5 through 7.3 Mc., while 
the other covers 14 through 29.7 Mc. 

A single-ended, or unbalanced, circuit of 
this type is shown in Fig. 6-16A. In principle, 
the reactance of the high-frequency coil, Le, 
is small enough at the lower frequencies so that 
it can be largely neglected, and C; and C2 are 
in parallel across Z;. Then the circuit for low 
frequencies becomes that shown in Fig. 6-16B. 


At the high frequencies, the reactance of Ly is 
high, so that it may be considered simply as 
a choke shunting C;. The high-frequency circuit 
is essentially that of Fig. 6-16C, Le being tuned 
by Cy and C2 in series. 

In practice, the effect of one circuit on the 
other cannot be neglected entirely. Le tends to 
increase the effective capacitance of C2, while 
Ly tends to decrease the effective capacitance of 
C;. This effect, however, is relatively small. 
Kach circuit must cover somewhat more than a 
2-to-1 frequency range to permit staggering the 
two ranges sufficiently to avoid simultaneous 
responses to a frequency in the low-frequency 
range, and one of its harmonics lying in the range 
of the high-frequericy circuit. 

In any circuit covering a frequency range as 
great as 2 to 1 by capacitance alone, the circuit 
@ must vary rather widely. If the circuit is de- 
signed for a Q of 12 at 80, the Q will be 6 at 40, 
24 at 20, 18 at 15, and 12 at 10 meters. The in- 
crease in tank current as a result of the increase 
in Q toward the low-frequency end of the high- 
frequency range may make it necessary to design 
the high-frequency coil with care to minimize 
loss in this portion of the tuning range. It is 
generally found desirable to provide separate 
output coupling coils for each circuit. 

Fig. 6-16D shows a similar tank for balanced 
circuits. The same principles apply. 

Series or parallel feed may be used with either 
balanced or unbalanced circuits. In the balanced 
circuit of Fig. 6-16D, the series feed point would 
be at the center of Zy, with an r.f. choke in 
series. 

(For further discussion see QST, July, 1954.) 


R.F. Amplifier-Tube Operating Conditions 


In addition to. proper tank and output-cou- 
pling circuits discussed in the preceding sections, 
an r.f. amplifier must be provided with suitable 
electrode voltages and an r.f. driving or excita- 
tion voltage (see vacuum-tube chapter). 

All r. f. amplifier tubes require a voltage to 
operate the filament or heater (a.c. is usually 
permissible), and a positive d.c. voltage between 
the plate and filament or cathode (plate voltage). 
Most tubes also require a negative d.c. voltage 
(biasing voltage) between control grid (Grid 
No. 1) and filament or cathode. Screen-grid 


tubes require in addition a positive voltage 
(screen voltage or Grid No. 2 voltage) between 
screen and filament or cathode. 

Biasing and plate voltages may be fed to the 
tube either in series with or in parallel with the 
associated r.f. tank circuit as discussed in the 
chapter on electrical laws and circuits. 

It is important to remember that true plate, 
screen or biasing voltage is the voltage between 
the particular electrode and filament or cathode. 
Only when the cathode is directly grounded to 
the chassis may the electrode-to-chassis voltage 
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be taken as the true voltage. 
The required r.f. driving voltage is applied 
between grid and cathode. 


Power Input and Plate Dissipation 


Plate power input is the d.c. power input to 
the plate circuit (d.c. plate voltage X d.c. plate 
current. Screen power input likewise is the d.c. 
screen voltage X the d.c. screen current. 

Plate dissipation is the difference between the 
r.f. power delivered by the tube to its loaded 
plate tank circuit and the d.c. plate power input. 
The screen, on the other hand, does not deliver 
any output power, and therefore its dissipation 
is the same as the screen power input. 


@ TRANSMITTING-TUBE RATINGS 


Tube manufacturers specify the maximum 
values that should be applied to the tubes they 
produce. They also publish sets of typical oper- 
ating values that should result in good efficiency 
and normal tube life. 

Maximum values for all of the most popular 
transmitting tubes will be found in the tables of 
transmitting tubes in the last chapter. Also in- 
cluded are as many sets of typical operating 
values as space permits. However, it is recom- 
mended that the amateur secure a transmitting- 
tube manual from the manufacturer of the tube 
or tubes he plans to use. 


CCS and ICAS Ratings 


The same transmitting tube may have different 
ratings depending upon the manner in which the 
tube is to be operated, and the service in which 
it is to be used. These different ratings are based 
primarily upon the heat that the tube can safely 
dissipate. Some types of operation, such as with 
grid or screen modulation, are less efficient than 
others, meaning that the tube must dissipate 
more heat. Other types of operation, such as c.w. 
or single-sideband phone are intermittent in 
nature, resulting in less average heating than in 
other modes where there is a continuous power 
input to the tube during transmissions. There are 
also different ratings for tubes used in transmit- 
ters that are in almost constant use (CCS — 
Continuous Commercial Service), and for tubes 
that are to be used in transmitters that average 
only a few hours of daily operation (LCAS — 
Intermittent Commercial and Amateur Service). 
The latter are the ratings used by amateurs who 
wish to obtain maximum output with reasonable 
tube life. 


Maximum Ratings 


Maximum ratings, where they differ from the 
values given under typical operating values, are 
not normally of significance to the amateur ex- 
cept in special applications. No single maximum 
value should be used unless all other ratings can 
simultaneously be held within the maximum 
values. As an example, a tube may have a max- 
imum plate-voltage rating of 2000, a maximum 
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plate-current rating of 300 ma., and a maximum 
plate-power-input rating of 400 watts. There- 
fore, if the maximum plate voltage of 2000 is 
used, the plate current should be limited to 
200 ma. (instead of 300 ma.) to stay within the 
maximum power-input rating of 400 watts. 


@ SOURCES OF ELECTRODE 
VOLTAGES 


Filament or Heater Voltage 


The filament voltage for the indirectly heated 
cathode-type tubes found in low-power classifi- 
cations may vary 10 per cent above or below 
rating without seriously reducing the life of the 
tube. But the voltage of the higher-power fila- 
ment-type tubes should be held closely between 
the rated voltage as a minimum and 5 per cent 
above rating as a maximum. Make sure that the 
plate power drawn from the power line does not 
cause a drop in filament voltage below the proper 
value when plate power is applied. 

Thoriated-type filaments lose emission when 
the tube is overloaded appreciably. If the over- 
load has not been too prolonged, emission some- 
times may be restored by operating the filament 
at rated voltage with all other voltages removed 
for a period of 10 minutes, or at 20 per cent above 
rated voltage for a few minutes, 


Plate Voltage 


D.c. plate voltage for the operation of r.f. 
amplifiers is most often obtained from a trans- 
former-rectifier-filter system (see power-supply 
chapter) designed to deliver the required plate 
voltage at the required current. However, bat- 
teries or other d.c.-generating devices are some- 
times used in certain types of operation (see 
portable-mobile chapter). 


Bias and Tube Protection 


Several methods of obtaining bias are shown 
in Fig. 6-17. In A, bias is obtained by the voltage 
drop across a resistc- in the grid d.c. return 
circuit when rectified grid current flows. The 
proper value of resistance may be determined by 
dividing the required biasing voltage by the d.e. 
grid current at which the tube will be operated. 
Then, so long as the r.f. driving voltage is ad- 
justed so that the d.c. grid current is the recom- 
mended value, the biasing voltage will be the 
proper value. The tube is biased only when ex- 
citation is applied, since the voltage drop across 
the resistor depends upon grid-current flow. 
When excitation is removed, the bias falls to 
zero. At zero bias most tubes draw power far in 
excess of the plate-dissipation rating. So it is 
advisable to make provision for protecting the 
tube when excitation fails by accident, or by 
intent as it does when a preceding stage in a c.w. 
transmitter is keyed. 

If the maximum c.w. ratings shown in the tube 
tables are to be used, the input should be cut to 
zero when the key is open. Aside from this, it is 
not necessary that plate current be cut off com- 
pletely but only to the point where the rated 
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Fig. 6-17—Various systems for obtaining protective and operating bias for r.f. amplifiers. A—Grid-leak. B—Battery. 
C—Combination battery and grid leak. D—Grid leak and adjusted-voltage bias pack. E—Combination grid leak and 
voltage-regulated pack. F—Cathode bias. 


dissipation is not exceeded. In this case plate- 
modulated phone ratings should be used for c.w. 
operation, however. 

With triodes this protection can be supplied 
by obtaining all bias from a source of fixed volt- 
age, as shown in Fig. 6-17B. It is preferable, 
however, to use only sufficient fixed bias to pro- 
tect the tube and obtain the balance needed for 
operating bias from a grid leak, as in C. The grid- 
leak resistance is calculated as above, except that 
the fixed voltage is subtracted first. 

Fixed bias may be obtained from dry batteries 
or from a power pack (see power-supply chapter). 
If dry batteries are used, they should be checked 
periodically, since even though they may show 
normal voltage, they eventually develop a high 
internal resistance. Grid-current flow through 
this battery resistance may increase the bias con- 
siderably above that anticipated. The life of bat- 
teries in bias service will be approximately the 
same as though they were subject to a drain 
equal to the grid current, despite the fact that the 
grid-current flow is in such a direction as to charge 
the battery, rather than to discharge it. 

In Fig. 6-17F, bias is obtained from the volt- 
age drop across a resistor in the cathode (or 
filament center-tap) lead. Protective bias is ob- 
tained by the voltage drop across 5 as a result 
of plate (and screen) current flow. Since plate 
current must flow to obtain a voltage drop across 
the resistor, it is obvious that cut-off protective 
bias cannot be obtained. When excitation is ap- 


plied, plate (and screen) current increases and the 
grid current also contributes to the drop across 
Rs, thereby increasing the bias to the operating 
value. Since the voltage between plate and 
cathode is reduced by the amount of the voltage 
drop across fs, the over-all supply voltage must 
be the sum of the plate and operating-bias volt- 
ages. For this reason, the use of cathode bias 
usually is limited to low-voltage tubes when the 
extra voltage is not difficult to obtain. 

The resistance of the cathode biasing resistor 
Rs should be adjusted to the value which will give 
the correct operating bias voltage with rated 
grid, plate and screen currents flowing with the 
amplifier loaded to rated input. When excitation 
is removed, the input to most types of tubes will 
fall to a value that will prevent damage to the 
tube, at least for the period of time required to 
remove plate voltage. A disadvantage of this bias- 
ing system is that the cathode r.f. connection to 
ground depends upon a bypass capacitor. From 


‘the consideration of v.h.f. harmonics and sta- 


bility with high-perveance tubes, it is preferable 
to make the cathode-to-ground impedance as 
close to zero as possible. 


Screen Voltage 


For c.w. operation, and under certain condi- 
tions of phone operation (see amplitude-modula- 
tion chapter), the screen may be operated from 
a power supply of the same type used for plate 
supply, except that voltage and current ratings 
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should be appropriate for screen requirements. 
The screen may also be operated through a 
series resistor or voltage-divider from a source of 
higher voltage, such as the plate-voltage supply, 
thus making a separate supply for the screen 
unnecessary. Certain precautions are necessary, 
depending upon the method used. 

It should be kept in mind that screen current 
varies widely with both excitation and loading. 
If the screen is operated from a fixed-voltage 
source, the tube should never be operated without 
plate voltage and load, otherwise the screen may 
be damaged within a short time. Supplying the 
screen through a series dropping resistor from a 
higher-voltage source, such as the plate supply, 
affords a measure of protection, since the re- 
sistor causes the screen voltage to drop as the 
current increases, thereby limiting the power 
drawn by the screen. However, with a resistor, 
the screen voltage may vary considerably with 
excitation, making it necessary to check the 
voltage at the screen terminal under actual 
operating conditions to make sure that the screen 
voltage is normal. Reducing exeitation will cause 
the screen current to drop, increasing the voltage; 
increasing excitation will have the opposite 
effect. These changes are in addition to those 
caused by changes in bias and plate loading, so 
if a screen-grid tube is operated from a series 
resistor or a voltage divider, its voltage should be 
checked as one of the final adjustments after 
excitation and loading have been set. 

An approximate value for the screen-voltage 
dropping resistor may be obtained by dividing 
the voltage drop required from the supply volt- 
age (difference between the supply voltage and 
rated screen voltage) by the rated screen current 
in decimal parts of an ampere. Some further 
adjustment may be necessary, as mentioned 
above, so an adjustable resistor with a total re- 
sistance above that calculated should be provided. 


Protecting Screen-Grid Tubes 


Screen-grid tubes cannot be cut off with bias 
unless the screen is operated from a fixed-voltage 
supply. In this case the cut-off bias is approxi- 


mately the screen voltage divided by the amplifi- . 


cation factor of the screen. This figure is not 
always shown in tube-data sheets, but cut-off 
voltage may be determined from an inspection 
of tube curves, or by experiment. 

When the screen is supplied from a series 
dropping resistor, the tube can be protected by 
the use of a clamper tube, as shown in Fig. 6-18. 
The grid-leak bias of the amplifier tube with 
excitation is supplied also to the grid of the 
clamper tube. This is usually sufficient to cut off 
the clamper tube. However, when excitation is 
removed, the clamper-tube bias falls to zero and 
it draws enough current through the screen drop- 
ping resistor usually to limit the input to the 
amplifier to a safe value. If complete screen- 
voltage cut-off is desired, a VR tube may be 
inserted in the screen lead as shown. The VR- 
tube voltage rating should be high enough so 
that it will extinguish when excitation is removed. 
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Fig. 6-18—Screen clamper circuit for protecting screen- 

grid power tubes. The VR tube is needed only for complete 
cut-off, 


@ FEEDING EXCITATION 
TO THE GRID 


The required r.f. driving voltage is supplied 
by an oscillator generating a voltage at the de- 
sired frequency, either directly or through inter- 
mediate amplifiers or frequency multipliers. 

As explained in the chapter on vacuum-tube 
fundamentals, the grid of an amplifier operating 
under Class C conditions must have an exciting 
voltage whose peak value exceeds the negative 
biasing voltage over a portion of the excitation 
cycle. During this portion of the cycle, current 
will flow in the grid-cathode circuit as it does in 
a diode circuit when the plate of the diode is 
positive in respect to the cathode. This requires 
that the r.f. driver supply power. The power re- 
quired to develop the required peak driving 
voltage across the grid-cathode impedance of 
the amplifier is the r.f. driving power. 

The tube tables give approximate figures for 
the grid driving power required for each tube 
under various operating conditions. These fig- 
ures, however, do not include circuit losses. In 
general, the driver stage for any Class C ampli- 
fier should be capable of supplying at least three 
times the driving power shown for typical oper- 
ating conditions at frequencies up ‘to 30 Mce., 
and from three to ten times at higher frequencies. 

Since the d.c. grid current relative to the 
biasing voltage is related to the peak driving 
voltage, the d.c. grid current is commonly used 
as a convenient indicator of driving conditions. 
A driver adjustment that results in rated d.c. 
grid current when the d.c. bias is at its rated 
value, indicates proper excitation to the amplifier 
when it is fully loaded. 

In coupling the grid input circuit of an ampli- 
fier to the output circuit of a driving stage the 
objective is to load the driver plate circuit so that 
the desired amplifier grid excitation is obtained 
without exceeding the plate-input ratings of the 
driver tube. 


Driving Impedance 
The grid-current flow that results when the 
grid is driven positive in respect to the cathode 


Feeding the Grid 
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Ci, Cs, Li, Ls —See corresponding components in Fig. 6-10. 


Fig. 6-19—Coupling excitation 

to the grid of an r.f. power 

amplifier by means of a low- 
impedance coaxial line. 


Bias + 


C2—Amplifier grid tank capacitor—see text and Fig. 6-20 for capacitance, Fig. 6-34 for voltage rating. 


C4—0.001-f. disk ceramic. 


l2—To resonate at operating frequency with C2. See LC chart inductance formula in electrical-laws chapter, or use 


ARRL Lightning Calculator. 


Ls—Reactance equal to line impedance—see reactance chart and inductance formula in electrical-laws chapter, or use 


ARRL Lightning CalcuJator. 


R is used to simulate grid impedance of the amplifier when a low-power s.w.r. indicator, such as a resistance bridge, 
is used. See formula in text for calculating value. Standing-wave indicator SWR is inserted only while line is made flat. 


over a portion of the excitation cycle represents 
an average resistance across which the exciting 
voltage must be developed by the driver. In other 
words, this is the load resistance into which the 
driver plate circuit must be coupled. The approxi- 
mate grid input resistance is given by: 


Input impedance (ohms) 
driving power (watts) 


a 
d.c. grid current (ma.)? x as 


For normal operation, the driving power and grid 
current may be taken from the tube tables. 

Since the grid input resistance is a matter of a 
few thousand ohms, an impedance step-down is 
necessary if the grid is to be fed from a low- 
impedance transmission line. This can be done 
by the use of a tank as an impedance-transform- 
ing device in the grid circuit of the amplifier as 
shown in Fig. 6-19. This coupling system may be 
considered either as simply a means of obtaining 
mutual inductance between the two tank coils, 
or as a low-impedance transmission line. If the 
line is longer than a small fraction of a wave 
length, and if a s.w.r. bridge is available, the line 
is more easily handled by adjusting it as a 
matched transmission line. 


Inductive Link Coupling with Flat Line 


In adjusting this type of line, the object is to 
make the s.w.r. on the line as low as possible 
over as wide a band of frequencies as possible so 
that power can be transferred over this range 
without retuning. It is assumed that the output 
coupling considerations discussed earlier have 
been observed in connection with the driver plate 
circuit. So far as the amplifier grid circuit is 
concerned, the controlling factors are the Q of 
the tuned grid circuit, L2C2, (see Fig. 6-20) the 
inductance of the coupling coil, Z4, and the de- 
gree of coupling between Le and Ly. Variable 
coupling between the coils is convenient, but not 
strictly necessary if one or both of the other 
factors can be varied. An s.w.r. indicator (shown 
as ‘‘SWR” in the drawing) is essential. An indi- 
cator such as the ‘‘ Micromatch”’ (a commercially 
available instrument) may be connected as shown 
and the adjustments made under actual operating 


conditions; that is, with full power applied to 
the amplifier grid. 

Assuming that the coupling is adjustable, 
start with a trial position of L4 with respect to 
[, and adjust C2 for the lowest s.w.r. ‘Then 
change the coupling slightly and repeat. Con- 
tinue until the s.w.r. is as low as possible; if the 
circuit constants are in the right region it should 
not be difficult to get the s.w.r. down to 1 to 1. 
The Q of the tuned grid circuit should be de- 
signed to be at least 10, and if it is not possible 
to get a very low s.w.r. with such a grid circuit 
the probable reason is that L4 is too small. 
Maximum coupling, for a given degree of physi- 
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Fig. 6-20—Chart showing required grid tank capacitance 
for a Q of 12. To use, divide the driving power in watts 
by the square of the d.c. grid current in milliamperes and 
proceed as described under Fig. 6-9. Driving power and 
grid current may be taken from the tube tables. When a 
split-stator capacitor is used in a balanced grid circuit, the 

capacitance of each section may be half that shown, 
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cal coupling, will occur when the inductance of 
L4 is such that its reactance at the operating fre- 
quency is equal to the characteristic impedance 
of the link line. The reactance can be calculated 
as described in the chapter on electrical funda- 
mentals if the inductance is known; the induct- 
ance can either be calculated from the formula in 
the same chapter or measured as deseribed in the 
chapter on measurements. 

Once the s.w.r. has been brought down to 1 to 
1, the frequency should be shifted over the band 
so that the variation in s.w.r. can be observed, 
without changing C2 or the coupling between Lg 
and Ly. If the s.w.r. rises rapidly on either side of 
the original frequency the circuit can be made 
‘“‘flatter’’ by reducing the Q of the tuned grid cir- 
cuit. This may be done by decreasing C2 and cor- 
respondingly increasing Ly to maintain reso- 
nance, and by tightening the coupling between Lg 
and L4, going through the same adjustment 
process again. It is possible to set up the system 
so that the s.w.r. will not exceed 1.5 to 1 over, for 
example, the entire 7-Mc. band and proportion- 
ately on other bands. Under these circumstances 
a single setting will serve for work anywhere in 
the band, with essentially constant power 
transfer from the line to the power-amplifier 
grids. 

If the coupling between Ley and Ly is not ad- 
justable the same result may be secured by vary- 
ing the L/C ratio of the tuned grid circuit — that 
is, by varying its Q. If any difficulty is encoun- 
tered it can be overcome by changing the number 
of turns in LZ, until a match is secured. The two 
coils should be tightly coupled. 

When a resistance-bridge type s.w.r. indicator 
(see measurements chapter) is used it is not 
possible to put the full power through the line 
when making adjustments. In such case the 
operating conditions in the amplifier grid circuit 
can be simulated by using a carbon resistor (1% or 
1 watt size) of the same value as the calculated 
amplifier grid impedance, connected as indicated 
by the arrows in Fig. 6-19. In this case the ampli- 
fier tube must be operated “cold”? — without 
filament or heater power. The adjustment process 
is the same as described above, but with the 
driver power reduced to a value suitable for 
operating the s.w.r. bridge. 

When the grid coupling system has been ad- 
justed so that the s.w.r. is close to 1 to 1 over the 
desired frequency range, it is certain that the 
power put into the link line will be delivered to 
the grid circuit. Coupling will be facilitated if the 
line is tuned as described under the earlier section 
on output coupling systems. 


Link Feed with Unmatched Line 


When the system is to be treated without re- 
gard to transmission-line effects, the link line 
must not offer appreciable reactance at the 
operating frequency. Any appreciable reactance 
will in effect reduce the coupling, making it im- 
possible to transfer sufficient power from the 
driver to the amplifier grid circuit. Coaxial cables 
especially have considerable capacitance for even 
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short lengths and it may be more desirable to 
use a spaced line, such as Twin-Lead, if the 
radiation can be tolerated. 

The reactance of the line can be nullified only 
by making the link resonant. This may require 
changing the number of turns in the link coils, 
the length of the line, or the insertion of a tuning 
capacitance. Since the s.w.r. on the link line 
may be quite high, the line losses increase be- 
cause of the greater current, the voltage increase 
may be sufficient to cause a breakdown in the 
insulation of the cable and the added tuned circuit 
makes adjustment more critical with relatively 
small changes in frequency. 

These troubles may not be encountered if the 
link line is kept very short for the highest fre- 
quency. A length of 5 feet or more may be tol- 
erable at 3.5 Mc., but a length of a foot at 28 Me. 
may be enough to cause serious effects on the 
functioning of the system. 

Adjusting the coupling in such a system must 
necessarily be largely a matter of cut and try. 
If the line is short enough so as to have negligible 
reactance, the coupling between the two tank 
circuits will increase within limits by adding turns 
to the link coils, or by coupling the lnk coils 
more tightly, if possible, to the tank coils. If it is 
impossible to change either of these, a variable 
capacitor of 300 wut. may be connected in series 
with or in parallel with the link coil at the driver 
end of the line, depending upon which connection 
is the most effective. 

If coaxial line is used, the capacitor should be 
connected in series with the inner conductor. If 
the line is long enough to have appreciable 
reactance, the variable capacitor is used to reso- 
nate the entire link circuit. 

The size of the link coils and the length of the 
line, as well as the size of the capacitor, will 
affect the resonant frequency, and it may take an 
adjustment of all three before the capacitor will 
show a pronounced effect on the coupling. 

When the system has been made resonant, 
coupling may be adjusted by varying the link 
capacitor. 


Simple Capacitive Interstage Coupling 


The capacitive system of Fig. 6-21A is the 
simplest of all coupling systems. In this circuit, 
the plate tank circuit of the driver, Cy, serves 
also as the grid tank of the amplifier. Although it 
is used more frequently than any other system, 
it is less flexible and has certain limitations that 
must be taken into consideration. 

The two stages cannot be separated physically 
any appreciable distance without involving loss 
in transferred power, radiation from the cou- 
pling lead and the danger of feedback from this 
lead. Since both the output capacitance of the 
driver tube and the input capacitance of the 
amplifier are across the single circuit, it 1s some- 
times difficult to obtain a tank circuit with a 
sufficiently low Q to provide an efficient circuit 
at the higher frequencies. The coupling can be 
varied by altering the capacitance of the coupling 
capacitor, Co. The driver load impedance is the 
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Fig. 6-21—Capacitive-coupled amplifiers. 
A—Simple capacitive coupling. B—Pi-section 
coupling. 
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Ci—Driver plate tank capacitor—see text and Fig. 6-9 for capacitance, Fig. 6-33 for voltage rating. 
C2—Coupling capacitor—50 to 150 uf. mica, as necessary for desired coupling. Voltage rating sum of driver plate 


and amplifier biasing voltages, plus safety factor. 


C3—Driver plate bypass capacitor—0.001-yf. disk ceramic or mica. Voltage rating same as plate voltage. 


C4—Grid bypass—0.001-yf. disk ceramic. 
Cs—Heater bypass—0.001-f. disk ceramic. 


Ce—Driver plate blocking capacitor—0.001-yuf. disk ceramic or mica. Voltage rating same as Co. 

C7—Pi-section input capacitor—see text referring to Fig. 6-12 for capacitance. Voltage rating—see Fig. 6-33A. 
Cs—Pi-section output capacitor—100-upf. mica. Voltage rating same as driver plate voltage plus safety factor. 
Li—To resonate at operating frequency with Ci. See LC chart and inductance formula in electrical-laws chapter, or 


use ARRL Lightning Calculator. 


l2—Pi-section inductor—See Fig. 6-12. Approx. same as Li. 


RFCi— Grid r.f. choke—2.5-mh. 
RFC2—Driver plate r.f. choke—2.5 mh. 


sum of the amplifier grid resistance and the 
reactance of the coupling capacitor in series, the 
coupling capacitor serving simply as a series 
reactor. The driver load resistance increases with 
a decrease in the capacitance of the coupling 
capacitor, 

When the amplifier grid impedance is lower 
than the optimum load resistance for the driver, 
a transforming action is possible by tapping the 
grid down on the tank coil, but this is not recom- 
mended because it invariably causes an increase 
in v.h.f. harmonics and sometimes sets up a 
parasitic circuit. 

So far as coupling is concerned, the Q of the 
circuit is of little significance. However, the 
other considerations discussed earlier in con- 
nection with tank-circuit Q should be observed. 


Pi-Network Interstage Coupling 


A pi-section tank circuit, as shown in Fig. 
6-21B, may be used as a coupling device between 
screen-grid amplifier stages. The circuit can also 
be considered a coupling arrangement with the 
grid of the amplifier tapped down on the circuit 
by means of a capacitive divider. In contrast to 
the tapped-coil method mentioned previously, 
this system will be very effective in reducing 
v.h.f, harmonics, because the output capacitor, 


C's, provides a direct capacitive shunt for harmon- 
ics across the amplifier grid circuit. 

To be most effective in reducing v.h.f. har- 
monics, Cg should be a mica capacitor connected 
directly across the tube-socket terminals. Tap- 
ping down on the circuit in this manner also 
helps to stabilize the amplifier at the operating 
frequency because of the grid-circuit loading 
provided by Cs. For the purposes both of sta- 
bility and harmonic reduction, experience has 
shown that a value of 100 uwuf for Cs usually is 
sufficient. In general, C7 and Le should have 
values approximating the capacitance and in- 
ductance used in a conventional: tank circuit. 
A reduction in the inductance of Ze results in an 
increase in ccupling because Cz must be in- 
creased to retune the circuit to resonance. This 
changes the ratio of C7 to Cs and has the effect of 
moving the grid tap up on the circuit. Since the 
coupling to the grid is comparatively loose under 
any condition, it may be found that it is impos- 
sible to utilize the full power capability of the 
driver stage. If sufficient excitation cannot be ob- 
tained, it may be necessary to raise the plate volt- 
age of the driver, if this is permissible. Otherwise 
a larger driver tube may be required. As shown in 
Fig. 6-21B, parallel driver plate feed and ampli- 
fier grid feed are necessary. 
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6 —HIGH-FREQUENCY TRANSMITTERS 
R.F. Power Amplifier Circuitry 


@ STABILIZING AMPLIFIERS 


A straight amplifier operates with its inv ut and 
output circuits tuned to the same frequency. 
Therefore, unless the coupling between these two 
circuits is brought to the necessary minimum, the 
amplifier will oscillate as a tuned-plate tuned-grid 
circuit. Care should be used in arranging com- 
ponents and wiring of the two circuits so that 
there will be negligible opportunity for coupling 
external to the tube itself. Complete shielding be- 
tween input and output circuits usually is re- 
quired. All r.f. leads should be kept as short as 
possible and particular attention should be paid 
to the r.f. return paths from plate and grid tank 
circuits to cathode. In general, the best arrange- 
ment is one in which the cathode connection to 
ground, and the plate tank circuit are on the same 
side of the chassis or other shielding. The “hot’”’ 
lead from the grid tank (or driver plate tank) 
should be brought to the socket through a hole 
in the shielding. Then when the grid tank capaci- 
tor or bypass is grounded, a return path through 
the hole to cathode will be encouraged, since 
transmission-line characteristics are simulated. 

A check on external coupling between in- 
put and output circuits can be made with a 
sensitive indicating device, such as the one dia- 
grammed in Fig. 6-22. The amplifier tube is re- 
moved from its socket and if the plate terminal is 
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Fig. 6-22—Circuit of sensitive neutralizing indicator. 
Xtal is a 1N34 crystal detector, MA a O-1 direct-current 
milliammeter and Ca 0.001-yuf. mica bypass capacitor. 


at the socket, it should be disconnected. With the 
driver stage running and tuned to resonance, 
the indicator should be coupled to the output 
tank coil and the output tank capacitor tuned 
for any indication of r.f. feedthrough. Experi- 
ment with shielding and rearrangement of parts 
will show whether the isolation can be improved. 


Screen-Grid Tube Neutralizing Circuits 

The plate-grid capacitance of screen-grid tubes 
is reduced to a fraction of a micromicrofarad by 
the interposed grounded screen. Nevertheless, 
the power sensitivity of these tubes is so great 
that only a very small amount of feedback is 
necessary to start oscillation. To assure a stable 
amplifier, it is usually necessary to load the 
grid circuit, or to use a neutralizing circuit. 

Fig. 6-23A shows how a screen-grid am- 
plifier may be neutralized by the use of an 
inductive link line coupling the input and output 
tank circuits in proper phase. If the initial connec- 
tion proves to be incorrect, connections to one 
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Fig. 6-23—Screen-grid neutralizing circuits. A—Inductive 
neutralizing. B-C—Capacitive neutralizing. 
Ci—Grid bypass capacitor—approx. 0.001-uf. mica. 
Voltage rating same as biasing voltage in B, same 

as driver plate voltage in C. 

C2—Neutralizing capacitor—approx. 2 to 10 uuf.—see 
text. Voltage rating same as amplifier plate volt- 
age for c.w., twice this value for plate modulation. 

Li, Le—Neutralizing link—usvally a turn or two will be 
sufficient. 


of the link coils should be reversed. Neutralizing 
is adjusted by changing the distance between the 
link coils and the tank coils. In the case of ea- 
pacitive coupling between stages, one of the link 
coils will be coupled to the plate tank coil of the 
driver stage. 

A capacitive neutralizing system for screen- 
grid tubes is shown in Fig. 6-23B. C2 is the 
neutralizing ‘capacitor. The capacitance should 
be chosen so that at some adjustment of Co, 


Cy, _ Tube grid-plate capacitance (or Cgp) 
Cy Tube input capacitance (or Cin) 


The tube interelectrode capacitances Cp and 
CIN are given in the tube tables in the last chapter. 
The grid-cathode capacitance must include all 


Neutralizing 


strays directly across the tube capacitance, in- 
cluding the capacitance of the tuning-capacitor 
stator to ground. This may amount to 5 to 20 


uuf. In the case of capacitance coupling, as | 


shown in Fig. 6-23C, the output capacitance of 
the driver tube must be added to the grid- 
cathode capacitance of the amplifier in arriving 
at the value of Co. If Co works out to an im- 
practically large or small value, Cy can be changed 
to compensate by using combinations of fixed 
mica capacitors in parallel. 


Neutralizing Adjustment 


The procedure in neutralizing is essentially 
the same for all types of tubes and circuits. 
The filament of the amplifier tube should be 
lighted and excitation from the preceding stage 
fed to the grid circuit. Both screen and plate 
voltages should be disconnected at the trans- 
mitter terminals. 

The immediate objective of the neutralizing 
process is reducing to a minimum the r.f. driver 
voltage fed from the input of the amplifier to 
its output circuit through the grid-plate capac- 
itance of the tube. This is done by adjusting 
carefully, bit by bit, the neutralizing capacitor 
or link coils until an r.f. indicator in the output 
circuit reads minimum. 

The device shown in Fig. 6-22 makes a sensitive 
neutralizing indicator. The link should be coupled 
to the output tank coil at the low-potential or 
“‘eround’’\point. Care should be taken to make 
sure that the coupling is loose enough at all 
times to prevent burning out the meter or the 
rectifier. The plate tank capacitor should be 
readjusted for maximum reading after each 
change in neutralizing. | 

The grid-current meter may also be used as a 
neutralizing indicator. With plate and screen 
voltages removed as described above, there will 
be a change in grid current as the plate tank 
circuit is tuned through resonance. The neutral- 
izing capacitor should be adjusted until this de- 
flection is brought to a minimum. As a final ad- 
justment, plate and screen voltages should be 
applied and the neutralizing capacitance adjusted 
to the point where minimum plate current, maxi- 
mum grid current and maximum screen current 
occur simultaneously. An increase in grid current 
when the plate tank circuit is tuned slightly on 
the high-frequency side of resonance indicates 
that the neutralizing capacitance is too small. If 
the increase is on the low-frequency side, the 
neutralizing capacitance is too large. When neu- 
tralization is complete, there should be a slight de- 
crease in grid current on either side of resonance. 

Grid Loading 

The use of a neutralizing circuit may often be 
avolded by loading the grid circuit if the driving 
stage has some power capability to spare. Load- 
ing by tapping the grid down on the grid tank 
coil (or the plate tank coil of the driver in the 
case of capacitive coupling), or by a resistor from 
grid to cathode is effective in stabilizing an 
amplifier, but either device may increase v.h.f. 


harmonics. The best loading system is the use of 
a pi-section filter, as shown in Fig. 6-21B. This 
circuit places a capacitance directly between grid 
and cathode. This not only provides the desirable 
loading. but also a very effective capacitive short 
for v.h.*, harmonics, A 100-yyf. mica capacitor 
for Cs, wired directly between tube terminals, 
will usually provide sufficient loading to stabilize 
the amplifier. 


V.H.F. Parasitic Oscillation 


Parasitic oscillation in the v.h.f. range will 
take place in almost every r.f. power amplifier. 
To test for v.h.f. parasitic oscillation, the grid 
tank coil (or driver tank coil in the case of ca- 
pacitive coupling) should be short-circuited with 
a clip lead. This is to prevent any possible t.g.t.p. 
oscillation at the operating frequency which 
might lead to confusion in identifying the para- 
sitic. Any fixed bias should be replaced with a 
grid leak of 10,000 to 20,000 ohms. All load on 
the output of the amplifier should be discon- 
nected. Plate and screen voltages should be re- 
duced to the point where the rated dissipation is 
not exceeded. If a Variac is not available, voltage 
may be reduced by a 115-volt lamp in series with 
the primary of the plate transformer. 

With power applied only to the amplifier under 
test, a search should be made by adjusting the 
input capacitor to several settings, including 
minimum and maximum, and turning the plate 
capacitor through its range for each of the grid- 
capacitor settings. Any grid current, or any dip 
or flicker in plate current at any point, indi- 
cates oscillation. This can be confirmed by an indi- 
cating absorption wavemeter tuned to the fre- 
quency of the parasitic and held close to the 
plate lead of the tube. 

The heavy lines of Fig. 6-24A show the usual 
parasitic tank circuit, which resonates, in most 
cases, between 150 and 200 Mc. For each type of 
tetrode, there is a region, usually below the para- 
sitic frequency, in which the tube will be self- 
neutralized. By adding the right amount of in- 
ductance to the parasitic circuit, its resonant 
frequency can be brought down to the frequency 
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Fig. 6-24—A—Usual parasitic circuit. B—Resistive loading 
of parasitic circuit. C—Inductive coupling of loading 
resistance into parasitic circuit. 
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at which the tube is self-neutralized. However, 
the resonant frequency should not be brought 
down so low that it falls close to TV Channel 6 

(88 Mc.). From the consideration of TVI, the cir- 
cuit may be loaded down to a frequency not lower 
than 100 Me. If the self-neutralizing frequency 
is below 100 Me., the circuit should be loaded 
down to somewhere between 100 and 120 Me. with 
inductance. Then the parasitic can be suppressed 
by loading with resistance, as shown in Fig. 6-24B. 
A coil of 4 or 5 turns, 14 inch in diameter, is a good 
starting size. With the tank capacitor turned to 
maximum capacitance, the circuit should be 
checked with a g.d.o. to make sure the resonance 
is above 100 Me. Then, with the shortest possible 
leads, a noninductive 100-ohm 1-watt resistor 
should be connected across the entire coil. The 
amplifier should be tuned up to its highest-fre- 
quency band and operated at low voltage. The 
tap should be moved a little at a time to find the 
minimum number of turns required to suppress 
the parasitic. Then voltage should be increased 
until the resistor begins to fee] warm after several 
minutes of operation, and the power input noted. 
This input should be compared with the normal 
input and the power rating of the resistor increased 
by this proportion;i.e., if the power is half normal, 
the wattage rating should be doubled. This in- 
crease is best made by connecting l-watt carbon 
resistors in parallel to give a resultant of about 
100 ohms. As power input is increased, the para- 
sitic may start up again, so power should be 
applied only momentarily until it is made cer- 
tain that the parasitic is still suppressed. If the 
parasitic starts up again when voltage is raised, 
the tap must be moved to include more turns. 
So long as the parasitic is suppressed, the re- 
sistors will heat up only from the operating- 
frequency current. 

_ Since the resistor can be placed across only that 
portion of the parasitic circuit represented by L,, 
the latter should form as large a portion of the 
circuit as possible. Therefore, the tank and by- 
pass capacitors should have the lowest possible 
inductance and the leads shown in heavy lines 
should be as short as possible and of the heaviest 
practical conductor. This will permit LZ, to be of 
maximum size without tuning the circuit below 
the 100-Me. limit. 

Another arrangement that has been used suc- 
cessfully is shown in Fig. 6-24C. A small turn 
or two is inserted in place of L, and this is cou- 
pled to a circuit tuned to the parasitic frequency 
and loaded with resistance. The heavy-line circuit 
should first be checked with a g.d.o. Then the 
loaded circuit should be tuned to the same fre- 
quency and coupled in to the point where the 
parasitic ceases. The two coils can be wound on 
the same form and the coupling varied by sliding 
one of them. Slight retuning of the loaded circuit 
may be required after coupling. Start out with 
low power as before, until the parasitic is sup- 
pressed. Since the loaded circuit in this case car- 
ries much less operating-frequency current, a 
single 100-ohm 1-watt resistor will often be suf- 
ficient and a 30-uuf. mica trimmer should serve 
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as the tuning capacitor, C>. 


Low-Frequency Parasitic Oscillation 


The screening of most transmitting screen-grid 
tubes is sufficient to prevent low-frequency para- 
sitic oscillation caused by resonant circuits set up 
by r.f. chokes in grid and plate circuits. Should 
this type of oscillation (usually between 1208 and 
200 ke.) occur, see paragraph under triode am- 
plifiers. 


@ PARALLEL-TUBE AMPLIFIERS 


The circuits for parallel-tube amplifiers are the 
same as for a single tube, similar terminals of the 
tubes being connected together. The grid imped- 
ance of two tubes in parallel is half that of a single 
tube. This means that twice the grid tank capaci- 
tance shown in Fig. 6-20 should be used for the 
same Q. 

The plate load resistance is halved so that the 
plate tank capacitance for a single tube (Fig. 
6-10) also should be doubled. The total grid cur- 
rent will be doubled, so to maintain the same grid 
bias, the grid-leak resistance should be half that 
used for a single tube. The required driving 
power is doubled. The capacitance of a neutraliz- 
ing capacitor, if used, should be doubled and the 
value of the screen dropping resistor should be 
cut in half. 

In treating parasitic oscillation, it is often 
necessary to use a choke in each plate lead, 
rather than one in the common lead to avoid 
building in a push-pull type of v-.h.f. circuit, a 
factor in obtaining efficient operation at higher 
frequencies. 


@ PUSH-PULL AMPLIFIERS 


Basic push-pull circuits are shown in Fig. 
6-26C and D. Amplifiers using this circuit are 
cumbersome to bandswitch and consequently are 
not very popular below 30 Mc. However, since 
the push-pull configuration places tube input 
and output capacitances in series, the circuit is 
widely used at 50 Me. and higher. 


@ TRIODE AMPLIFIERS 


Circuits for triode amplifiers are shown in 
Fig. 6-26. Neglecting references to the screen, 
all of the foregoing information applies equally 
well to triodes. All triode straight amplifiers must 
be neutralized, as Fig. 6-26 indicates. From the 
tube tables, it will be seen that triodes require 
considerably more driving power than screen- 
grid tubes. However, they also have less power 
sensitivity, so that greater feedback can be tol- 
erated without the danger of instability. 


Low-Frequency Parasitic Oscillation 


When r.f. chokes are used in both grid and 
plate circuits of a triode amplifier, the split- 
stator tank capacitors combine with the r.f. 
chokes to form a low-frequency parasitic circuit, 
unless the amplifier circuit is arranged to prevent 
it. In the circuit of Fig. 6-26B, the amplifier grid 


Neutralizing 


is series fed and the driver plate is parallel fed. 
For low frequencies, the r.f. choke in the driver 
plate circuit is shorted to ground through the 
tank coil. In Figs. 6-26C and D, a resistor is sub- 
stituted for the grid r.f. choke. This resistance 
should be at least 100 ohms. If any grid-leak re- 
sistance is used for biasing, it should be substi- 
tuted for the 100-ohm resistor. 


Triode Amplifiers with Pi-Network Output 


Pi-network output tanks, designed as de- 
scribed earlier for screen-grid tubes, may also be 
used with triodes. However, in this case, a bal- 
anced input circuit must be provided for neu- 
tralizing. Fig. 6-25A shows the circuit when 
inductive-link input coupling is used, while B 
shows the circuit to be used when the amplifier 
is coupled capacitively to the driver. Pi-network 
circuits cannot be used in both input and output 
circuits, since no means is provided for neu- 
tralizing. 
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@ GROUNDED-GRID AMPLIFIERS 


Fig. 6-27A shows the input circuit of a grounded- 
grid triode amplifier. In configuration it is similar 
Fig. 6-25— When a pi-network output circuit is used with vo ee ee eee He eee oo 
a triode, a balanced grid circuit must be provided for cept that the grid, Instead o CEOs AS: a 


neutralizing. A—Inductive-link input. B—Capacitive input ground potential. An amplifier of this type is 
coupling. characterized by a comparatively low input im- 
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Fig. 6-26—Triode amplifier circuits. A—Link coupling, single tube. B— Capacitive coupling, single tube. C—Link coupling, 

push-pull. D—Capacitive coupling, push-pull. Aside from the neutralizing circuits, which are mandatory with triodes, the 

circuits are the same as for screen-grid tubes, and should have the same values throughout. The neutralizing capacitor, 

C1, should have a capacitance somewhat greater than the grid-plate capacitance of the tube. Voltage rating should be 

twice the d.c. plate voltage for c.w., or four times for plate modulation, plus safety factor. The resistance Ri should be at 

least 100 ohms and it may consist of part or preferably all of the grid leak. For other component values, see similar 
screen-grid diagrams. 
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Fig. 6-27 —-A—Grounded-grid triode input circuit. B—Tetrode input circuit with grid and screen directly in parallel. 
C—Tetrode circuit with d.c. voltage applied to the screen. Plate circuits are conventional. 


pedance and a relatively high driver-power re- 
quirement. The additional driver power is not 
consumed in the amplifier but is “fed through”’ 
to the plate circuit where it combines with the 
normal plate output power. The total r.f. power 
output is the sum of the driver and amplifier out- 
put powers less the power normally required to 
drive the tube in a grounded-cathode circuit. 

Positive feedback is from plate to cathode 
through the plate-cathode, or plate-filament, 
capacitance of the tube. Since the grounded grid 
is interposed between the plate and cathode, this 
capacitance is very small, and neutralization 
usually is not necessary. 

A disadvantage of the grounded-grid circuit is 
that the cathode must be isolated for r.f. from 
ground. This presents a practical difficulty, espe- 
cially in the case of a filament-type tube whose 
filament current is large. Another disadvantage in 
plate-modulated phone operation is that the 
driver power fed through to the output is not 
modulated. 

The chief application for grounded-grid ampli- 
fiers in amateur work at frequencies below 30 Mc. 
is in the case where the available driving power 
far exceeds the power that can be used in driving 
a conventional grounded-cathode amplifier. 

D.c. electrode voltages and currents in 
grounded-grid triode-amplifier operation are the 
same as for grounded-cathode operation. Approxi- 
mate values of driving power, driving impedance, 
and total power output in Class C operation can 
be calculated as follows, using information nor- 
mally provided in tube data sheets. R.m.s. values 
are of the fundamental components: 


Ey =1.m.s. value of r.f. plate voltage 


__ d.c. plate volts + d.c. bias volts — peak r.f. grid volts 
1.41 


In =1r.m.s. value of r.f. plate current 


_ rated power output watts 
Ep 


Ez, =1.m.s. value of grid driving voltage 


_ peak r.f. grid volts 
1.41 


Ig =r.m.s. value of r.f. grid current 


_ rated driving power watts 


Ee 
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Then, 
Driving power (watts) = Eg (Ip + Ie) 
Sy tate Eg 
Driving impedance (ohms) = 
Ig = Ip 


- Power fed through from driver stage (watts) = EgIp 


Total power output (watts) = Ip (Hg + Ep) 


Screen-grid tubes are also used sometimes in 
grounded-grid amplifiers. In some cases, the 
screen is simply connected in parallel with the 
grid, as in Fig. 6-27B, and the tube operates as a 
high-p triode. In other cases, the screen is by- 
passed to ground and operated at the usual d.e. 
potential, as shown at C. Since the screen is still 
in parallel with the grid for r.f., operation is very 
much like that of a triode except that the positive 
voltage on the screen reduces driver-power re- 
quirements. Since the information usually fur- 
nished in tube-data sheets does not apply to . 
triode-type operation, operating conditions are 
usually -determined experimentally. In general, 
the bias is adjusted to produce maximum output 
(within the tube’s dissipation rating) with the 
driving power available. 

Fig. 6-28 shows two methods of coupling a 
grounded-grid amplifier to the 50-ohm output of 
an existing transmitter. At A an L network is 
used, while a conventional link-coupled tank is 
shown at B. The values shown will be approxi- 
mately correct for most triode amplifiers oper- 
ating at 3.5 Me. Values should be cut in half each 
time frequency is doubled, i.e., 250 uuf. and 7.5 
ph. for 7 Mce., ete. 


Filament Isolation 


Since the filament or cathode of the grounded- 
grid amplifier tube operates at some r.f. potential 
above ground, it is necessary to isolate the fila- 
ment from the power line. In the case of low- 
power tubes with indirectly heated cathodes, it is 
sometimes feasible to depend on the small capaci- 
tance existing between the heater and cathode, 
although it is preferable to provide additional 
isolation. . 

In Fig. 6-29, isolation is provided by a special 
low-capacitance filament transformer. RFC, car- 
ries only the cathode current. However, since 
transformers of this type are not generally avail- 
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15 yh, 
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able, other means must usually be employed. 

In Fig. 6-29B, chokes are used to isolate the 
filament from the filament transformer. The re- 
actance of the chokes should be several times the 
input impedance of the amplifier and must be 
wound with conductor of sufficient size to carry 
the filament current. It is usually necessary to use 
a transformer delivering more than the rated 
filament voltage to compensate the voltage drop 
across the chokes. In Fig. 6-29C, r.f. chokes are 
placed in the primary side of the transformer. 
This reduces the current that the chokes must 
handle, but the filament transformer must be 
mounted so that it is spaced from the chassis and 
other grounded metal to minimize the capacitance 
of the transformer to ground. RFC, carries 
cathode current only. 

In the.case of the input circuit of Fig. 6-28B, 
it is sometimes feasible to wind the tank inductor 
with two conductors in parallel, and feed the fila- 
ment voltage to the tube through the two con- 
ductors, as shown in Fig. 6-29D. This arrange- 
ment does not lend itself well to bandchanging, 
however. 


& FREQUENCY MULTIPLIERS 
Single-Tube Multiplier 


Output at a multiple of the frequency at | 


which it is being driven may be obtained from 
an amplifier stage if the output circuit is tuned 
to a harmonic of the exciting frequency instead 
of to the fundamental. Thus, when the fre- 
quency at the grid is 3.5 Mc., output at 7 Mc., 
10.5 Mce., 14 Me., etc., may be obtained by 
tuning the plate tank circuit to one of these 
frequencies. The circuit otherwise remains the 
same as that for a straight amplifier, although 
some of the values and operating conditions 
may require change for maximum multiplier 
efficiency. 

Efficiency in a single- or parallel-tube multi- 
plier comparable with the efficiency obtainable 
when operating the same tube as a straight 
amplifier involves decreasing the operating 
angle in proportion to the increase in the order 
of frequency multiplication. Obtaining output 
comparable with that possible from the same 
tube as a straight amplifier involves greatly 
increasing the plate voltage. A practical limit 
as to efficiency and output within normal tube 


Fig. 6-28 —Two 
methods of cou- 
pling a low-imped- 
ance driver to a 
grounded-grid _ in- 
put. A—L network. 
B—Link-coupled 
tank circuit. 
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Fig. 6-29—Methods of isolating filament from ground. 
A—Special low-capacitance filament transformer. B— 
R.f. chokes in filament circuit. C—R.f. chokes in transformer 
primary. D—Filament fed through input tank inductor. 
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ratings is reached when the multiplier is oper- 
ated at maximum permissible plate voltage 
and maximum permissible grid current. The 
plate current should be reduced as necessary 
to limit the dissipation to the rated value by 
increasing the bias. High efficiency in multi- 
pliers is not often required in practice, since 
the purpose is usually served if the frequency 
multiplication is obtained without an appreci- 
able gain in power in the stage. 

Multiplications of four or five sometimes are 
used to reach the bands above 28 Me. from a 
lower-frequency crystal, but in the majority of 
lower-frequency transmitters, multiplication 
in a single stage is limited to a factor of two or 
three, because of the rapid decline in practi- 
cably obtainable efficiency as the multiplica- 
tion factor is increased. Screen-grid tubes make 
the best frequency multipliers because their 
high power-sensitivity makes them easier to 
drive properly than triodes. 

Since the input and output circuits are not 
tuned close to the same frequency, neutraliza- 
tion usually will not be required. Instances 
may be encountered with tubes of high trans- 
conductance, however, when a doubler will 
oscillate in t.g.t.p. fashion, requiring neutral- 
ization. The link neutralizing system of Fig. 
6-23A is convenient in such a contingency. 


Push-Push Multipliers 


A two-tube circuit which works well at even 
harmonics, but not at the fundamental or odd 
harmonics, is shown in Fig. 6-30. It is known as 


i 
Input C3 : 
Courrut 
Se | F 
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Fig. 6-30—Circuit of a push-push frequency multiplier 

for even harmonics. 

Cili and Col2a—See text. 

C3—Plate bypass—0.001-pf. disk ceramic or mica. Volt- 
age rating equal to plate voltage plus safety 
factor. 

RFC—2.5-mh. r.f. choke. 


the push-push circuit. The grids are connected 
in push-pull while the plates are connected in 
parallel. The efficiency of a doubler using this 
circuit may approach that of a straight ampli- 
fier, because there is a plate-current pulse for 
each cycle of the output frequency. 

This arrangement has an advantage in some 
applications. If the heater of one tube is turned 
off, its grid-plate capacitance, being the same as 
that of the remaining tube, serves to neutralize 
the circuit. Thus provision is made for either 
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straight amplification at the fundamental with 
a single tube, or doubling frequency with two 
tubes as desired. 

The grid tank circuit is tuned to the frequency 
of the driving stage and should have the sam 
constants as indicated in Fig. 6-20 for balance. 
grid circuits. The plate tank circuit Is tuned 
to an even multiple of the exciting frequency, 
and should have the same values as a straight 
amplifier for the harmonic frequency (see Fig. 
6-10), bearing in mind that the total plate current 
of both tubes determines the C to be used. 


Push-Pull Multiplier 


A single- or parallel-tube multiplier will deliver 
output at either even or odd multiples of the 
exciting frequency. A push-pull multiplier does 
not work satisfactorily at even multiples because 
even harmonics are largely canceled. in the out- 
put. On the other hand, amplifiers of this type 
work well as triplers or at other odd harmonics. 
The operating requirements are similar to those. 
for single-tube multipliers, the plate tank circuit 
being tuned, of course, to the desired odd har- 
monie frequency. 


@ METERING 


Fig. 6-31 shows how a voltmeter and milliam- 
meter should be connected to read various volt- 
ages and currents. Voltmeters are seldom in- 
stalled permanently, since their principal use is in 
preliminary checking. Also, milliammeters are 
not normally installed permanently in all of the 
positions shown. Those most often used are the 
ones reading grid current and plate current, or 
grid current and cathode current. 

Milliammeters come in various current ranges. 
Current values to be expected can be taken from 
the tube tables and the meter ranges selected 
accordingly. To take care of normal overloads 
and pointer swing, a meter having a current 
range of about twice the normal current to be 
expected should be selected. 


Meter Installation 


Grid-current meters connected as shown in 
Fig. 6-31 and meters connected in the cathode 
circuit need no special precautions in mounting 
on the transmitter panel so far as safety is con- 
cerned. However, milliammeters having zero- 
adjusting screws on the face of the meter should 
be recessed behind the panel so that accidental 
contact with the adjusting screw is not possible, 
if the meter is connected in any of the other posi- 
tions shown in Fig. 6-31. The meter can be 
mounted on a small subpanel attached to the 
front panel with long screws and spacers. The 
meter opening should be covered with glass or 
celluloid. Illuminated meters make _ reading 
easier. Reference should also be made to the TVI 
chapter of this Handbook in regard to wiring and 
shielding of meters to suppress TVT. 


Meter Switching 
Milliammeters are expensive items and there- 
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Fig. 6-31 —Diagrams showing placement of voltmeter and 

milliammeter to obtain desired measurements. A—Series 

grid feed, parallel plate feed and series screen voltage- 

dropping resistor. B—Parallel grid feed, series plate feed 
and screen voltage divider. 
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fore it is seldom feasible to provide even grid- 
current and plate-current meters for all stages. 
The exciter stages in a multistage transmitter 
often do not require metering after initial adjust- 
ments. It is common practice to provide a meter- 
switching system by which a single milliammeter 
may be switched to read currents in as many 
circuits as desired. Such a meter-switching circuit 
is shown in Fig. 6-32. The resistors, FP, are con- 
nected in the various circuits in place of the 
milliammeters shown in Fig. 6-31. Since the re- 
sistance of R is several times the internal resist- 
ance of the milliammeter, it will have no prac- 
tical effect upon the reading of the meter. 

When the meter must read currents of widely 
differing values, a meter with a range sufficiently 
low to accommodate the lowest values of current 
to be measured may be selected. In the circuits in 
which the current will be above the scale of the 
meter, the resistance of R can be adjusted to a 
lower value which will give the meter reading a 
multiplying factor. (See chapter on Measure- 
ments.) Care should be taken to observe proper 
polarity in making the connections between the 
resistors and the switch. 

A variation of the foregoing method uses the 
low-current meter as a voltmeter to measure the 
voltage drop across various low resistances placed 
in the lines where the currents are to be meas- 
ured. Both the line resistor and the higher re- 


sistance running to the meter (corresponding to 
a normal voltmeter multiplier) can be varied, to 
give a wide range for the single meter. Standard 
values of resistors can usually be found for any 
desired range. 


@ AMPLIFIER ADJUSTMENT 


Earlier sections in this chapter have dealt with 
the design and adjustment of input (grid) and 
output (plate) coupling systems, the stabilization 
of amplifiers, and the methods of obtaining the 
required electrode voltages. Reference to these 
sections should be made as necessary in following 
a procedure of amplifier adjustment. 

The objective in the adjustment of an inter- 
mediate amplifier stage is to secure adequate 
excitation to the following stage. In the case of 
the output or final amplifier, the objective is to 
obtain maximum power output to the antenna. 
In both cases, the adjustment must be consistent 
with the tube ratings as to voltage, current and 
dissipating ratings. 

Adequate drive to a following amplifier is 
normally indicated when rated grid current in the 
following stage is obtained with the stage operat- 
ing at rated bias, the stage loaded to rated plate 
current, and the driver stage tuned to resonance. 
In a final amplifier, maximum output is normally 
indicated when the output coupling is adjusted 
so that the amplifier tube draws rated plate 
current when it is tuned to resonance. 

Resonance in the plate circuit is normally 
indicated by the dip in plate-current reading 
as the plate tank capacitor is tuned through its 
range. When the stage is unloaded, or lightly 


CKT |t CKT 2 CKT 3 CKT 4 CK 
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Fig. 6-32—Switching a single milliammeter. The resistors, 

R, should be 10 to 20 times the internal resistance of the 

meter; 47 ohms will usually be satisfactory. S; is a 2- 

section rotary switch. Its insulation should be ceramic for 

high voltages, and an insulating coupling should always be 
used between shaft and control. 
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loaded, this dip in plate 
current will be quite pro- 
nounced. As the loading is 
increased, the dip will 
become less noticeable. 
See Fig. 6-4. However, in 
the case of a screen-grid 
tube whose screen is fed 
through a series resistor, 
maximum output may not 
be simultaneous with the 
dip in plate current. The 
reason for this is that the 
screen current varies widely 
as the plate circuit is 
tuned through resonance. 
This variation in screen 
current causes a_ corre- 
sponding variation in the 
voltage drop across the 
screen resistor. In this 
case, maximum output 
may occur at an adjust- 
ment that results in an 
optimum combination of 
screen voltage and near- 
ness to resonance. This 
effect will seldom be ob- 
served when the screen is 
operated from a_ fixed- (G) 

voltage source. 

The first step in the adjustment of an amplifier 
is to stabilize it, both at the operating fre- 
quency by neutralizing it if necessary, and at 
parasitic frequencies by introducing suppression 
circuits. 

If ‘‘flat”’ transmission-line coupling is used, the 
output end of the line should be matched, as de- 
scribed in this chapter for the case where the 
amplifier is to feed the grid of a following stage, 
or in the transmission-line chapter if the amplifier 
is to feed an antenna system. After proper 
match has been obtained, all adjustments in 
coupling should be made at the znput end of the 
line. 

Until preliminary adjustments of excitation 
have been made, the amplifier should be operated 
with filament voltage on and fixed bias, if it is 
required, but screen and plate voltages off. With 
the exciter coupled to the amplifier, the coupling 
to the driver should be adjusted until the ampli- 
fier draws rated grid current, or somewhat above 
the rated value. Then a load (the antenna grid 
of the following stage, or a dummy load) should 
be coupled to the amplifier. 

With screen and plate voltages (preferably re- 
duced) applied, the plate tank capacitor should 
be adjusted to resonance as indicated by a dip 
in plate current. Then, with full screen and plate 
voltages applied, the coupling to the load should 
be adjusted until the amplifier draws rated plate 
current. Changing the coupling to the load will 
usually detune the tank circuit, so that it will be 
necessary to readjust for resonance each time a 
change in coupling is made. An amplifier should 
not be operated with its plate circuit off reso- 
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(E) Fig. 6-33—Diagrams showing the 
peak voltage for which the plate 
tank capacitor should be rated for 
c.w. operation with various circuit 
arrangements. E is equal to the d.c. 
plate voltage. The values should be 
doubled for plate modulation. The 
circuit is assumed to be fully 
loaded. Circuits A, C and E require 
that the tank capacitor be insu- 
lated from chassis or ground, and 
from the control. 


(H) +HV 


nance for any except the briefest necessary time, 
since the plate dissipation increases greatly when 
the plate circuit is not at resonance. Also, a 
screen-grid tube should not be operated without 
normal load for any appreciable length of time, 
since the screen dissipation increases. 

It is normal for the grid current to decrease 
when plate voltage is applied, and to decrease 
again as the amplifier is loaded more heavily. As 
the grid current falls off, the coupling to the 
driver should be increased to maintain the grid 
current at its rated value. 


@ COMPONENT RATINGS AND 
INSTALLATION 


Plate Tank-Capacitor Voltage 


In selecting a tank capacitor with a spacing 
between plates sufficient to prevent voltage 
breakdown, the peak r.f. voltage across a tank 
circult under load, but without modulation, 
may be taken conservatively as equal to the 
d.c. plate voltage. If the d.c. plate voltage also 
appears across the tank capacitor, this must 
be added to the peak r.f. voltage, making the 
total peak voltage twice the d.c. plate voltage. 
If the amplifier is to be plate-modulated, this 
last value must be doubled to make it four 
times the d.c. plate voltage, because both d.c. 
and r.f. voltages double with 100-per-cent 
plate modulation. At the higher plate voltages, 
it is desirable to choose a tank circuit in which 
the d.c. and modulation voltages do not ap- 
pear across the tank capacitor, to permit the 


Component Ratings 


use of a smaller capacitor with less plate spac- 
ing. Fig. 6-33 shows the peak voltage, in terms 
of d.c. plate voltage, to be expected across 
the tank capacitor in various circuit arrange- 
ments. These peak-voltage values are given 
assuming that the amplifier is loaded to rated 
plate current. Without load, the peak r.f. volt- 
age will run much higher. 

The plate spacing to be used for a given peak 
voltage will depend upon the design of the varia- 
ble capacitor, influencing factors being the me- 
chanical construction of the unit, the insulation 
used and its placement in respect to intense 
fields, and the capacitor plate shape and degree 
of polish. Capacitor manufacturers usually rate 
their products in terms of the peak voltage 
between plates. Typical plate spacings are shown 
in the following table. 


Typical Tank-Capacitor Plate Spacings 


Peak 
Voltage 


Peak 
Voltage 


Spacing Peak 
(In.) Voltage 


Spacing 
(In.) 


Spacing 
(In.) 


0.015 
0.02 
0.05 
0.05 


1000 
1200 
1500 
2000 


0.07 
0.08 
0.125 
0.15 


3000 
3500 0.25 
4500 0.35 
6000 0.5 


0.175 7000 
9000 
11000 


13000 


Plate tank capacitors should be mounted as 
close to the tube as temperature considerations 
will permit, to make possible the shortest capaci- 
tive path from plate to cathode. Especially at the 
higher frequencies where minimum circuit ca- 
pacitance becomes important, the capacitor 
should be mounted with its stator plates well 
spaced from the chassis or other shielding. In 
circuits where the rotor must be insulated from 
ground, the capacitor should be mounted on 
ceramic insulators of size commensurate with the 
plate voltage involved and — most important of 
all, from the viewpoint of safety to the operator 
—a, well-insulated coupling should be used be- 
tween the capacitor shaft and the dial. The section 
of the shaft attached to the dial should be well 
grounded. This can be done conveniently through 
the use of panel shaft-bearing units. 


Grid Tank Capacitors 


In the circuit of Fig. 6-34A, the grid tank ca- 
pacitor should have a voltage rating approxi- 
mately equal to the biasing voltage plus 20 per 
cent of the plate voltage. In the balanced circuit 
of B, the voltage rating of each section of the 
capacitor should be this same value. 

The grid tank capacitor is preferably mounted 
with shielding between it and the tube socket for 
isolation purposes. It should, however, be 
mounted close to the socket so that a short lead 
can be passed through a hole to the socket. The 
rotor ground lead or bypass lead should be run 
directly to the nearest point on the chassis or 
other shielding. In the circuit of Fig. 6-34A, the 
same insulating precautions mentioned in connec- 
tion with the plate tank capacitor should be 
used. 


z, 
ee 
(A) 4 foals (B) 
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Fig. 6-34—The voltage rating of the grid tank capacitor 
in A should be equal to the biasing voltage plus about 20 
per cent of the plate voltage. 
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Plate Tank Coils 


The inductance of a manufactured coil usu- 
ally is based upon the highest plate-voltage/ 
plate-current ratio likely to be used at the 
maximum power level for which the coil is de- 
signed. Therefore in the majority of cases, the 
capacitance shown by Figs. 6-9 and 6-20 will be 
greater than that for which the coil is designed 
and turns must be removed if a Q of 10 or more 
is needed. At 28 Mc., and sometimes 21 Mce., the 
value of capacitance shown by the chart for a 
high plate-voltage/plate-current ratio may be 
lower than that attainable in practice with the 
components available. The design of manufac- 
tured coils usually takes this into consideration 
also and it may be found that values of capaci- 
tance greater than those shown (if stray capaci- 
tance is included) are required to tune these 
coils to the band. 

Manufactured coils are rated according to the 
plate-power input to the tube or tubes when the 
stage is loaded. Since the circulating tank current 
is much greater when the amplifier is unloaded, 
care should be taken to operate the amplifier 
conservatively when unloaded to prevent damage 
to the coil as a result of excessive heating. 

Tank coils should be mounted at least their 
diameter away from shielding to prevent a 
marked loss in Q. Except perhaps at 28 Mc., it is 
not important that the coil be mounted quite 
close to the tank capacitor. Leads up to 6 or 8 
inches are permissible. It is more important to 
keep the tank capacitor as well as other compo- 
nents out of the immediate field of the coil. For 
this reason, it is preferable to mount the coil so 
that its axis is parallel to the capacitor shaft, 
either alongside the capacitor or above it. 

There are many factors that must be taken 
into consideration in determining the size of wire 
that should be used in winding a tank coil. The 
considerations of form factor and wire size that 
will produce a coil of minimum loss are often of 
less importance in practice than the coil size that 
will fit into available space or that will handle the 
required power without excessive heating. This is 
particularly true in the case of screen-grid tubes 
where the relatively small driving power re- 
quired can be easily obtained even if the losses in 
the driver are quite high. It may be considered 
preferable to take the power loss if the physical 
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size of the exciter can be kept down by making 
the coils small. 

The accompanying table shows typical con- 
ductor sizes that are usually found to be adequate 
for various power levels. For powers under 25 
watts, the minimum wire sizes shown are largely 
a matter of obtaining a coil of reasonable Q. So 
far as the power is concerned, smaller wire could 
be used. 


Wire Sizes for Transmitting Coils 


Power Input (Watts) Band (Mc.) Wire Size 
28-21 

14-7 

3.5-1.8 


1000 


28-21 
14-7 
3.5-1.8 


28-21 
He. 
3.5-1.8 
28-21 
14-7 
3.6-1:8 


28-21 
14-7 
| 3.5-1.8 


25 or less* 


* Wire size limited principally by consideration of Q. 


Space-winding the turns invariably will result 
in a coil of higher Q, especially at frequencies 
above 7 Me., and a form factor in which the turns 
spacing results in a coil length between 1 and 2 
times the diameter is usually considered satisfac- 
tory. Space winding is especially desirable at the 
higher power levels because the heat developed is 
dissipated more readily. The power lost in a tank 
coil that develops appreciable heat at the higher- 
power levels does not usually represent a serious 
loss percentagewise. A more serious consequence, 
especially at the higher frequencies, is that coils 
of the popular “air-wound”’ type supported on 
plastic strips may deform. In this case, it may be 
necessary to use wire (or copper tubing) of suffi- 
cient size to make the coil self-supporting. Coils 
wound on tubular forms of ceramic or mica-filled 
bakelite will also stand higher temperatures. 


Plate-Blocking and Bypass Capacitors 


Plate-blocking capacitors should have low in- 
ductance; therefore capacitors of the mica or 
ceramic type are preferred. For frequencies be- 
tween 3.5 and 30 Mce., a capacitance of 0.001 is 
commonly used. The voltage rating should be 25 
to 50% above the plate-supply voltage (twice 
this rating for plate modulation). 

Small disk ceramic capacitors (approximately 
4 inch in diameter) are to be preferred as bypass 
capacitors, since when they are applied correctly 
(see TVI chapter), they are series resonant in the 
TV range and therefore are an important measure 
in filtering power-supply leads. Capacitors of this 
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type are rated at 600 to 1000 volts. At higher 
voltages, disk ceramics with higher-voltage rat- 
ings, or capacitors of the TV ‘‘doorknob”’ type 
are recommended. Voltage ratings of bypass ca- 
pacitors should be similar to those for blocking 
capacitors. 


R. F. Chokes 


The characteristics of any r.f. choke will 
vary with frequency, from characteristics re- 
sembling those of a parallel-resonant circuit, 
of high impedance, to those of a series-resonant 
circuit, where the impedance is lowest. In be- 
tween these extremes, the choke will show vary- 
ing amounts of inductive or capacitive reactance. 

In series-feed circuits, these characteristics 
are of relatively small importance because, in 
a correctly operating circuit, the r.f. voltage 
across the choke is. negligible. In a _parallel- 
feed circuit, however, the choke is shunted 
across the tank circuit, and is subject to the 
full tank r.f. voltage. If the choke does not 
present a sufficiently high impedance, enough 
power will be absorbed by the choke to cause it 
to burn out. With chokes of the usual type, 
wound with small wire for compactness, a rela- 
tively small amount of power loss in the choke 
will cause excessive heating. 

To avoid this, the choke must have a suffi- 
ciently high reactance to be effective at the lowest 
frequency, and yet have no series resonances 
near the higher-frequency bands. The design of 
a choke that meets requirements over a range as 
wide as 3.5 to 30 Mc. at the higher voltages is 
quite critical. 

Universal pie-wound chokes of the “‘receiver”’ 
type (2.5 mh., 125 ma.) are usually satisfactory 
if the plate voltage does not exceed 750. For 
higher voltages, a single-layer solenoid-type choke 
of correct design has been found satisfactory. The 
National type R-175A and Raypar RL-100, 
RL-101 and RL-102 are representative manufac- 
tured types. An example of a satisfactory home- 
made choke for voltages up to at least 3000 con- 
sists of 112 turns of No. 26 wire, spaced to a 
length of 3% inches on a 1-inch ceramic form 
(Centralab stand-off insulator, type X3022H). A 
ceramic form is advisable from the consideration 
of temperature. This choke has only one series 
resonance (near 24 Mc.), and exhibits an equiva- 
lent parallel resistance of 0.25 megohm or more in 
all of the amateur bands from 80 through 10. 

Since the characteristics of a choke will 
be affected by any metal in its field, it should be 
checked when mounted in the position in which 
it is to be used, or in a temporary set-up simu- 
lating the same conditions. The plate end of 
the choke should not be connected, but the 
power-supply end should be connected directly, 
or bypassed, to the chassis. The g.d.o. should 
be coupled as close to the ground end of the 
choke as possible. Series resonances, indicating 
the frequencies of greatest loss, should be checked 
with the choke short-circuited with a short piece 
of wire. Parallel resonances, indicating frequencies 
of least loss, are checked with the short removed. 


A Novice Transmitter 


A Three-Band Oscillator Transmitter for the Novice 


The novice transmitter shown in Figs. 6-35- 
6-38, inclusive, is easy to build and get working. 
It is a crystal-controlled, one-tube oscillator 
capable of running at 30 watts input on the 3.5-, 
7-, and 21-Mc. Novice bands. A special feature of 
the transmitter is a built-in keying monitor which 
permits the operator to listen to his own sending. 

Regulated voltage is used on the screen of the 
oscillator. This minimizes frequency shift of the 
oscillator with keying, which is the cause of chirp. 
In addition, a small amount of cathode bias (24) 
is used on the oscillator. This also tends to im- 
prove the keying characteristics in a cathode- 
keyed simple-oscillator transmitter. 


Circuit Details 


The oscillator circuit used is the grid-plate 
type, and the tube is a 6DQ6A pentode. The 
power output is taken from the plate circuit of 
the tube. On 80 meters, an 80-meter crystal is 
needed. On 40, either 80- or 40-meter crystals 
can be used, although slightly more output will 
be obtained by using 40-meter crystals. To 
operate on 15 meters, a 40-meter crystal is used. 

The tank circuit is a pi network. The plate 
tank capacitor is the variable Cg, and the tank 
inductance is Lol. Cs is a two-section variable, 
approximately 365 wyf. per section, with the 
stators connected together to give a total capaci- 
tance of about 730 uwuf. This range of capacitance 
is adequate for coupling to 50 or 75 ohms on 7 
and 21 Me. When operating on 3.5 Mc., an addi- 
tional 1000 ywuf. (C7) is added to furnish the 
needed range of capacitance. L; and [2 are essen- 
tial for suppressing v.h.f. parasitic oscillations. 

The keying-monitor circuit uses a neon bulb 
(type NI-2) audio-frequency oscillator con- 
nected to the cathode of the 6DQ6A at the key 
jack, Ji. The headphones are plugged into J2, a 


Fig. 6-35—This 30-watt three-band Nov- 
ice transmitter is enclosed ina 7 K 9 X 
15-inch aluminum box. A group of %-inch- 
diameter holes should be drilled in the top 
of the box over the oscillator tube, as 
shown, to provide ventilation. A similar set 
of holes should be drilled in the back cover 
behind the oscillator circuit. 


jack mounted on the back of the transmitter 
chassis. Another jack, J3, is used as a terminal 
for the leads that go to the headphone jack on 
the receiver. 


Power Supply 


The power supply uses a 5U4G in a full-wave 
circuit. A capacitor-input filter is used and the 
output voltage is approximately 370 volts with 
a cathode current of 90 milliamperes. A 0-150 
milliammeter reads cathode current. The screen 
and grid currents are approximately 4 ma. when 
the oscillator is loaded. 


Construction 


All of the components, including the power 
supply, are mounted on a 2X7 X 13-inch 
aluminum chassis that is in turn enclosed in a 
7X9 X 15-inch aluminum box. (Premier AC- 
1597). One of the removable covers of the box is 
used as the front panel, as shown in Fig. 6-35. 
The box has a 44-inch lip around both openings, 
so the bottom edge of the chassis should be 
placed one inch from the bottom of the panel. 
The sides of the chassis are also one inch from 
the sides of the panel. The chassis is held to the 
panel by Se, J1, and the mounting screws for 
the crystal socket, so both the front edge of the 
chassis and the panel must be drilled alike for 
these components. S;, at the left in the front 
view, is one inch from the edge of the chassis 
(that is, two inches from the edge of the panel) 
and centered vertically on the chassis edge. Thus 
it is one inch from the bottom of the chassis 
edge and two inches from the bottom edge of the 
panel. The hole for J; is centered on the chassis 
edge and the holes for the crystal socket are 
drilled at the right-hand end of the chassis to cor- 
respond with the position of S; at the left. 
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Fig. 6-36—Circuit diagram of the three-band transmitter. Unless otherwise specified, capacitances are in uf. Resistances 


are in ohms (K= 1000). 

Ci—3-30-yyf. trimmer. 

Co—100-uyf. mica. 

C3, Co, Cio, C11, Cis, Cis —O.001-yf. disk ceramic. 

C4, Cs —0.001-yf. 1600-volt disk ceramic. 

Ce—365-uuf. variable capacitor, single section, broad- 
cast-replacement type. 

C7—0.001-yf. 600-volt mica. 

Cs—365-uyf. variable capacitor, dual section, broadcast- 
replacement type. 

Ci2—S500-pyyf. mica or ceramic. 

Ci3—0.01 -yf. disk ceramic. 

Cis—8 /8- uf. 450-volt dual electrolytic capacitor. 

Ji, Jo—Open-circuit phone jack. 

Jzs—Phono jack, RCA type. 

Js—Coaxial chassis connector, SO-239. 

Li—10 turns No. 18 wire space-wound on Re. 


There is nothing critical about the placement 
of the meter or the shafts for Cs, Cg and S;. As 
shown in Fig. 6-38, Cg is mounted directly above 
J; and approximately two inches from the top 
of the panel. Cg similarly is above the crystal 
socket and on the same horizontal line as Cg. 
S,is about at the middle of the square formed by 
these four components. 

The holes on the rear edge of the chassis for 
the coaxial connector J4, phone jack J2, receiver 
connector J3, and for the a.c. cord are drilled 
at the same height as those on the front edge. 
Access holes should be cut in the rear cover of 
the box at the corresponding positions; these 
holes may be large enough to clear the com- 
ponents, but not larger than is necessary for 
this purpose. The cover fits tightly against the 
rear edge of the chassis and thus maintains the 
shielding for preventing radiation of harmonics 
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Lo—6 turns No. 16 wire, 8 turns per inch, 1% inches diam. 
(B & W 3018). 

L3s—23 turns No. 16 wire, 8 turns per inch, 1% inches diam. 
(B & W 3018). The 7-Mc. tap is 18 turns from the 
junction of L2 and Ls. 

L4—8-h. 150-ma. filter choke (Thordarson 20C54), 

M:—0-150 ma. (Shurite 950). 

Ri-Rs inc.—As specified. 


RFC;, RFC2, RFC3—2.5-mh. r.f. choke (National R-50 or 


or similar). 

$1—Single-pole 3-position switch (Centralab 1461). 

S2—Single-pole single-throw toggle switch. 

T:—Power transformer: 360—-0-360 volts, 120 ma.; 6.3 
volts, 3.5 amp.; 5 volts, 3 amp (Stancor PM- 
8410). 

Yi—Crystal (see text). 


in the television bands. However, it is advisable 
to fasten the cover to the chassis edge with a few 
sheet-metal screws, in order to insure good elec- 
trical contact. ; 

There are several different types of broadcast- 
replacement variable capacitors on the market. 
Some of these have holes tapped in the front of 
the frame, and this type can be mounted directly 
on the panel using machine screws and spacers. 
Others have mounting holes only in the bottom. 
In this case, the capacitor can be mounted on a 
pair of L-shaped brackets made from strips of 
aluminum. 

Both Ze and Lg are supported by their leads. 
One end of Zz is connected to the stator of Cs 
and the other end is connected to a junction on 
top of a one-inch-long steatite stand-off insulator. 
Lz has one end connected to the stator of Cg and 
the other end to one of the terminals on Sj. 


\ 


A Novice Transmitter 


Fig. 6-37—Rear view of the transmitter 
showing the placement of components 
above chassis. The loading capacitor, Cs, 
is at the left, L3 is the vertical coil and Le 
the horizontal one. Rubber grommets are 
used to prevent chafing and to furnish 
additional insulation on the leads coming 
from below chassis. 


The voltage-dividing network consisting of 
Ff, and R7 provides the correct voltage for oper- 
ating the keying monitor, fs is 1.65 megohms, a 
value obtained by using two 3.3-megohm 1|-watt 
resistors in parallel. These resistors and other 
small components may be mounted on standard 
bakelite tie points. 


Adjustment and Testing 


When the unit is ready for testing, a 15- or 
25-watt electric light will serve as a dummy load. 
One side of the lamp should be connected to the 
output lead and the other side to chassis ground. 
A crystal appropriate for the band to be used 
should be plugged into the crystal socket, and a 
key connected to the key jack. S; should be set 
to the proper band. So may then be closed and 
the transmitter allowed to warm up. 

Set Cs at maximum capacitance (plates com- 
pletely meshed) and close the key. Quickly tune 
Cg to resonance, as indicated by a dip in the 
cathode-current reading. Gradually decrease the 
capacitance of Cs, while retouching the tuning 
of Cg as the loading increases. Increased loading 


Fig. 6-38—Below-chassis view. Power- 
supply components are mounted in the 
left-hand side and the oscillator sec- 
tion is at the right-hand side. Mounted 
on the back wall of the chassis is the 
keying monitor. Although not visible in 
this view, the monitor components are 
mounted on a four-terminal tie point. 


will be indicated by increasing lamp brightness 
and by larger values of cathode current. Tune for 
maximum lamp brilliance. The cathode current 
should read between 90 and 100 milliamperes 
when the oscillator is fully loaded. 

C;, should be adjusted for the best keying 
characteristics consistent with reasonably good 
power output. It is not advisable to attempt to 
adjust C; with a lamp dummy load, since the 
lamp resistance will change during the heating 
and cooling that take place during keying, and 
this will affect the keying characteristic of the 
oscillator. Use a regular antenna, with or without 
an antenna coupler or matching network as the 
antenna system may require, and listen to the 
keying on the station receiver. Remove the 
antenna from the receiver to prevent overloading, 
and adjust the r.f. gain control for a signal level 
comparable with that at which signals on that 
band are normally heard. Further details on 
checking keying will be found in the chapter on 
keying and break-in. __ 

(Originally described 
1957.) 


in QST December, 
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6 —-HIGH-FREQUENCY TRANSMITTERS 
All-Band Inexpensive 40-Watt Transmitter 


The transmitter shown in Figs. 6-39, 6-41 and 
6-42 combines the efficiency and flexibility of 
plug-in coils with good shielding for TVI pre- 
vention. It is a two-stage transmitter using a 
6AG7 crystal oscillator and an inexpensive tet- 
rode amplifier. Either the 807 or the 1625 can be 
used for the amplifier; the 1625 is very cheap on 
surplus, but to offset this advantage it has a 
12.6-volt heater requirement. If the power trans- 
former has two 6.3-volt windings! they can be 
connected in series to provide 12.6 volts for the 
cheaper 1625. Or an extra 6.3-volt filament trans- 
former can be connected in series with the single 
6.3-volt winding of a power transformer. How- 
ever, if the extra filament transformer must be 
purchased (instead of borrowed) it might be 
cheaper to use the 807. 

Referring to the circuit diagram of the trans- 
mitter, Fig. 6-40, a 6AG7 grid-plate type crystal- 
controlled oscillator is used. The output can be 
tuned to the crystal frequency or to multiples of 
it, depending upon the coil plugged in at Le. 

Both 80- or 40-meter crystals are used; for 80- 
meter operation a 3.5-Mc. crystal is used (Lo 
is not required on this band since L, alone is the 
80-meter tank coil). The same crystal will furnish 
adequate drive on 40 meters, with the oscillator 
working as a doubler, and on 20 meters, in which 
case the oscillator quadruples. A 40-meter crystal 
can be used for 7-Mc. work, for 14 Mc. by dou- 
bling in the oscillator plate circuit, and for 21 Mc. 
with tripling in the oscillator. A 40-meter crystal 
is required on 28 Mc.; the oscillator doubles to 14 
Me. and the amplifier doubles to 28 Mc. The am- 
plifier is operated straight through on all other 
bands. 

The amplifier tank circuit is a pi network de- 
signed primarily to work into 50- and 75-ohm 
loads. It uses a 140-yyuf. capacitor, C3, for tuning. 
A two-section broadcast type variable capacitor, 
Cs, with approximately 465 uuf. per section is 
used for adjusting the loading. The two sections 
are connected in parallel to provide a total ca- 
pacitance of slightly over 900 uyf. Additional 
capacitance is needed on 80 meters so mica ¢a- 
pacitors, C4 and Cs, are connected in parallel with 
C3 and Cs, respectively, when the 80-meter tank 


1 Power transformers salvaged from old TV receiver 
chassis usually have two such windings. As old chassis with 
perfectly good power transformers usually can be picked up 
at TV service shops for five dollars or so, this is an economi- 
cal source of parts for a power supply. The filter choke and 
filter capacitors can be salvaged, too, along with miscellane- 
ous small components such as disk capacitors. 
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coil is plugged in. LZ, in the plate lead of the am- 
plifier, is for suppressing parasitic oscillations. 

Two methods of keying are provided. The os- 
cillator and amplifier can be keyed simultane- 
ously or the amplifier can be keyed by itself. In 
both cases the stages are keyed by opening and 
closing the cathode circuits. Some amateurs pre- 
fer break-in type operation, which requires that 
both stages of the transmitter be keved. However, 
better keying — fewer clicks and chirps — results 
with cathode keying when the oscillator is permit- 
ted to run continuously and the amplifier is keyed. 

So is used to switch the oscillator cathode either 
to the keying line or to chassis ground. Also, S¢ 
can be used as a “‘spotting”’ switch to check your 
transmitting frequency with your receiver, since 
switching the oscillator cathode to ground turns 
on the oscillator but leaves the amplifier off so 
long as the key is open. 

A 0-1 milliammeter is connected as a low-range 
(approximately 5 volts) voltmeter for measuring 
the amplifier grid and cathode currents. It can 
be switched to either circuit by means of S;. Full- 
scale readings are approximately 10 ma. for grid 
current and 200 ma. for cathode current. A third 
position of the meter switch provides for using 
the meter as a 0-500 d.c. voltmeter for checking 
the voltage on the amplifier screen and oscillator 
plate, as outlined later. 


Construction Details 

A3xX5 X 9%-inch aluminum chassis is used 
for the r.f. unit. Before starting construction 
study the top and bottom views of the transmit- 
ter; while there is nothing highly critical about 
the placement of components it is a good idea to 
follow the general arrangement shown in the 
photographs. 

Before installing the tube and coil sockets 
mount C3, Ce, and Cg temporarily in place. This 
will show you how much space is available for 
mounting the sockets. 

Note in Fig. 6-40 that the pin connections are 
different for the 1625 and 807. In addition, the 
two types require different sockets. The 1625 has 
a 7-pin base and takes a large 7-pin socket (Am- 
phenol 77MIP7L) while the 807 takes an ordi- 
nary 5-prong socket 

The leads from J» to the different circuits are 
all run in shielded wire (Belden 8885) bypassed 
at each end by a 0.001 disk ceramic capacitor. 
Using the shielded wire and bypasses helps to 
prevent harmonic leakage via the leads. 


Fig. 6-39—The complete all-band 40- 
watt transmitter and power supply. 
The connecting power cable (visible 
across the back) can be any reason- 
able length. Seven plug-in coils cover 
80 through 10 meters, two coils for the 
oscillator and five for the amplifier, 
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Fig. 6-40—Circuit diagram of the transmitter. Resistances are in ohms, resistors are Y2 watt, capacitors are disk ceramic 


Ci—3.30-pyf. mica trimmer. 

C2—100-uyuf. variable (Hammarlund HF-100). 

C3—140-uyf. variable (Hammarlund MC-140-M, John- 
son 140R12, Millen 19140, Bud MC-1856). 

C4—100-ppf. mica. 

Cs—0.001-uf. mica. 

Ce—2-gang t.r.f. type variable, approx. 465 wuf. per 
section (Allied Radio No. 61H059). 

Ji—Coax chassis receptacle, SO-239. 


J2—Octal plug, male, chassis-mounting type (Amphenol 
86-CP8). 

Js—Open-circuit phone jack. 

Li—25-wh. r.f. choke (Millen 34300-25). 

Le, Li—See coil table. 


A ‘“‘fence” of perforated aluminum runs 
around the top of the chassis. This is made from 
a piece of Reynold’s do-it-yourself stock 134 
inches wide by 293 inches long. It is formed 
to fit around the top of the chassis, the two sides 
measuring 474 inches and the front and back 
93” inches, with a l-inch overlap at the joint. 
The fence is 14% inches high and has a 14-inch 
wide lip around the bottom for securing it to the 
chassis top with machine screws and nuts. 

The sides of the shield are formed from a 
piece of perforated aluminum 7 X 2954 inches 
before folding. The measurements are 415% inches 
deep and 93 inches along the front and back. 
A one-inch flange is folded in around the top 
edges, so the over-all height is 6 inches. There is 
also a 1-inch overlap at the final corner. The top 
piece is 434 by 914 inches and is held to the flanges 
by machine screws. When the completed cover is 
slid over the fence and down flush with the chas- 
sis the overlap of the two pieces is sufficient to 
prevent harmonic leakage, provided care has 


unless otherwise indicated. 


Ls—12 turns No. 22 enam. wound on high-value (over 10K) 
1-watt resistor as a form. 

Mi—O-1 d.c. milliammeter, miniature D'Arsonval type 
(Lafayette Radio TM-400). 

Ri—470 ohms, 2 watt. 

R2—22 ohms, | watt. 

R3—4700 ohms, 2 watt; see text. 

RFCi, RFC2, RFC3—2.5 mh. (Millen 34300-2500). 

Si—Lever-operated, 2 poles, 3 positions non-shorting 
(Centralab 1454). 

S2—S.p.d.t. toggle. 

Yi—3.5- or 7-Mc. crystals as required. 

In addition to the above, the power cable requires two 
8-contact connectors, one male and one female (Amphenol 
78-PF8 and 86-PM8). 


been used in folding to achieve a snug fit, so no 
screws are needed to hold the cover in place. This 
simplifies coil changing because the cover can be 
removed and replaced quite easily. 

The power supply schematic diagram is given 
in Fig. 6-43, and a suggested method of construc- 
tion is shown in Figs. 6-39 and 6-44. 

Information on the plug-in coils is given in 
the coil table. The oscillator coils are mounted 
inside the plug-in coils forms. When cutting the 
coils from the original stock allow three extra 
turns for the 20-15-meter coil and five extra 
turns for the 40-meter one. When these extra 
turns are unwound from each end of the polysty- 
rene support bars there will be sufficient lead 
length to reach through the prongs on the plug-in 
coil forms. An easy way to cut the coils from the 
original stock is to heat a razor blade and use it 
to slice through the polystyrene bars. 

The Air Dux coils specified in the table have 
exactly the right inside diameter to make a good 
fit over the outsides of the coil forms. Allow a 
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Fig. 6-41—The amplifier tuning and loading controls are 
to the right of the meter and meter switch. This view of the 
r.f. unit shows the construction of the ‘‘fence’’ around the 
top of the chassis. The cover, also made from perforated 
aluminum, is visible at the rear. The 6AG7 oscillator tube 
is at the left on the chassis with its plate coil beside it. 
The amplifier tank coil is at the right. The crystal socket is a 
Millen 33102 and the dials are Johnson type 116-222. 


couple extra turns on each of the coils for lead 
length. Slide the coil over the form and then drill 
two holes in the form, one at each end of the coil. 
The leads are fed through these holes and down 
into the prongs. Before soldering the prongs file 
the nickel plating from the ends of the prongs, 
as they will take solder more readily with the 
nickel removed. When soldering, hold the prong 
with a pair of pliers, to prevent too much heat 
from reaching the base of the coil form and soft- 
ening it. Be sure to clean off any rosin that may 
adhere to the prongs after soldering. 

When assembling the 80-meter coil, connect 
jumper leads from the ends of the coil to the 
prongs that connect the C4 and Cs when the coil 
is plugged into the amplifier coil socket. 


Tune-U. io Procedure 


The adjustable tap on Ry, in Fig. 6-43 furnishes 
screen voltage for the amplifier and the plate 
and screen voltages for the oscillator. Before 
turning on the power set the slider at about one- 
quarter of the total resistor length measured from 
the B-plus end. This setting of the tap should 
be approximately correct but a final adjustment 
may be required when the transmitter is tested. 

A dummy load for tune-up is a 40-watt light 


6 — HIGH-FREQUENCY 
TRANSMITTERS 


Coil Table 


Le— 7 Me. — 29% turns No. 20, 16 turns per inch, 
34-inch diam. (B & W Miniductor 3011, Il- 
lumitronic Air Dux 616T). 

.— 14-21 Me. — 7% turns No. 20, 16 turns per 
inch, 34-inch diam. (B & W Miniductor 
3011, Illumitronic Air Dux 616T). 

La — 3.5 Me. — 19% turns No. 20, 16 turns per 
inch, 14-inch diam. (Illumitronic Air Dux 
1216T). 

— 7 Me. — 1134 turns No. 20, 16 turns per inch, 
1%-inch diam. (lllumitronie Air Dux 
1216T). 

— 14 Mc. — 7% turns No. 16, 8 turns per inch, 
1\%-inch diam. (Illumitronic Air Dux 
1208T). 

— 21 Mc. — 534 turns No. 16, 8 turns per inch, 
1%-inch diam. (Illumitronic Air Dux 
1208T). 

— 28 Mc. —4 turns No. 16, 8 turns per inch, 
1%-inch diam. (Illumitronic Air Dux 
1208T). 


Note: A single 3-inch length of B & W 3011 or 
Illumitronic 1216T will suffice for the 7- and 14—21- 
Me. oscillator coils. One length of Illumitronic 
1216T is sufficient for the 3.5- and 7-Mc. amplifier 
coils, and a single length of 1208T will make the 
14-, 21- and 28-Me. coils. The Lez coils are mounted 
in Allied Radio 24—4P coil forms (2 required) and 
the L4 coilsin Allied Radio 24—5P coil forms (5 re- 
quired), 114-inch diameter. Although only four 
prongs are needed in the amplifier coils, use of the 
5-prong form precludes plugging an amplifier coil 
into the oscillator coil socket, and vice versa. 


bulb. Connect a lead from J, to the center contact 
on the base of the bulb and another lead between 
chassis ground and the threaded portion of the 
base. The first step is to make sure the oscillator 
is working. Use an 80-meter crystal at first, and 
no coil at Ly. Plug a key into /3 and turn on the 
power supply. Switch Se to the position that turns 
on the oscillator and switch on the B plus with 
S3. Next, listen with your receiver at the crystal 
frequency and you should be able to hear a signal 
from the oscillator. If you find that the oscillator 
isn’t working, recheck your wiring for errors. 
Plug in the 80-meter tank coil at Z4 and, with 
the oscillator running, set S; so the meter reads 
amplifier grid current. Then close the key and 
tune C» for a reading of 2 to 4 milliamperes. Don’t 
hold the key down for long, because the amplifier 
will draw excessive plate current since its plate 
tuning will be off resonance. Next, set Cg at 
maximum capacitance (plates fully meshed), 
switch the center to read amplifier cathode cur- 
rent, and close the key. Tune C3 for a dip (mini- 
mum reading) in cathode current. Gradually de- 
crease the capacitance of Cs, keeping C3 tuned 


Fig. 6-42—The 6AG7 socket and oscillator 
circuit components are at the left in this bottom 
view. (The parallel 100K resistors in the volt- 
age divider for the screen of the 6AG7 are 
hidden by the chassis wall at the lower left.) 
To the right of the 6AG7 socket are the sockets 
for Lo, the 1625, and La, in that order. The 
loading capacitor, Ce, is mounted on the wall 
of the chassis. From the left along the back of 
the chassis (bottom) are Jo, S2, Js and Ji. 


A 40-Watt Transmitter 


HSV. 


ANT. RELAY 


Fig. 6-43—Circuit diagram 


li —Dial lamp, 6 volts, 150 ma., type 47. 

Ja—Octal socket. 

L5—Filter choke, 1 hy., 300 ma., or 1.5 hy., 200 ma. 
(Thordarson 26C44, Knight 61G406). 

R4— 25,000 ohms, 25 watts, with slider. 


for the dip, which will be less marked as the 
loading increases. The lamp should get brighter 
each time you decrease the capacitance of Cs and 
retune C3. Continue this process until the lamp 
brightness reaches a maximum and begins to 
decrease. 7 

At this point check the screen voltage by 
setting S; to the center position. If the voltage is 
not 300 with the key down when the transmitter 
is tuned as described, shut off the power and 
move the tap on A, to a new trial position. Move 
it a little toward the B-plus end of Ry, if the 
voltage is low, and in the other direction if it is 
too high. Then retune as before for maximum 
lamp brightness and again check the screen 
voltage. When you find the tap position on R4 
that gives you 300 volts with the lamp at maxi- 
mum brightness, the cathode current should be 
90 to 100 ma., representing full loading. 

The tuning procedure for other bands is just 
the same. The proper coils have to be used at 
Ly and L4, of course. With 80-meter crystals, use 
the 40-meter coil at Lo for 40-meter output from 
the amplifier, and the 20-15-meter coil at Le for 
20-meter amplifier output. With 40-meter crys- 
tals, the 40-meter coil should be used at Le for 
40-meter operation, and the 20—15-meter coil for 
20-, 15- and 10-meter amplifier output. In every 
case the amplifier tank coil, L4, should be the one 
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of the power-supply unit. 


Ss—D.p.s.t. toggle. 

Si—S.p.s.t. toggle. 

T:—700 to 800 volts, center-tapped, at 150 ma. or more, 
with 5-volt, 3-amp. winding and two 6.3-volt 
windings (for 1625) rated at 1.5 amp. or more; 
TV receiver type satisfactory. See footnote 1. 


designed for the band you want to use. 

When using the 20-15-meter grid coil, certain 
precautions should be observed. There are two 
settings of C, that will provide grid drive to the 
amplifier. The one nearest maximum capacitance 
of Co is the 20-meter setting and the one nearest 
minimum, 15 meters. Another way to check the 
settings of C's is with your receiver. Remove the 
antenna from the receiver, turn down the rf. 
gain control and listen at the desired multiple 
of the crystal frequency. The setting of Co that 
produces the louder signal is the correct one. 
Another method of checking the band to which 
the transmitter is tuned is to use an absorption 
type wavemeter. Details for construction of 
wavemeters of this type are given in the meas- 
urements chapter. 

To adjust C1, use a 40-meter crystal and tune 
up on 15 meters. Adjust Ci so that the amplifier 
current is no more than 2 ma. with C> peaked for 
maximum reading. This adjustment need not be 
changed, once set, with crystals of ordinary 
activity. 


Fig. 6-44—This is just one of many possible ways to ar- 
range the power-supply parts. The transformer on the left 
wall of the 3 X 7 X 12-inch chassis is a 6.3-volt unit con- 
nected in series with the 6.3-volt winding on the 
power transformer for a 1625 heater. 


The double-pole single-throw toggle switch, Ss, has two 

functions. One pole is used to open or close the center 

tap of the power transformer high-voltage secondary. 

This serves as the “‘standby-transmit’’ switch. The other 

section of S3 controls a 115-volt a.c. outlet (two terminals 

mounted on the power-supply chassis). This voltage can 
be used to operate an antenna relay. 
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6 —-HIGH-FREQUENCY TRANSMITTERS 
A.75-Watt 6DQ5 Transmitter 


The transmitter shown in Fig. 6-45 is designed 
to satisfy the requirements of either a Novice 
or General Class licensee. As described here it is 
capable of running the full 75 watts limit in the 
80-, 40- and 15-meter Novice bands, with band 
switching, crystal switching and other operating 
features. The General license holder can use the 
transmitter in any band 80 through 10 meters, 
and he can add v.f.o. control or amplitude modu- 
lation at any time without modifying the 6DQ5 
transmitter. Crystal switching is a convenience 
for rapidly shifting frequency within a band to 
dodge QRM, and a spor position on the operate 
switch permits identifying one’s frequency rela- 
tive to others in a band. An accessory socket, Xs, 
furnishes a convenient point for borrowing power 
for a v.f.o. or for controlling the oscillator by an 
external switch. 

Referring to Fig. 6-46, the circuit diagram of 
the transmitter, the crystal selector switch, Sj, 
is used to choose the desired crystal. For crystal- 
controlled operation crystals would be plugged 
in pins 1 and 3 and 5 and 7 of socket X 1. Similar 
sockets (not shown in the diagram) are used to 
hold the other crystals. When v.f.o. operation is 
desired, the v.f.o. output is connected to Jj, 
the plug P, is inserted in socket X 1, and the 
former 6AG7 crystal oscillator stage becomes an 
amplifier or multiplier stage when switch Sj is 
turned to position 1. 

Since the output of the 6AG7 stage will vary 
considerably with the bands in use, an excitation 
control, 1, is included to allow for proper adjust- 
ment of the drive to the 6DQ5 amplifier. The 
6DQ5, a highly sensitive tube, is neutralized to 
avoid oscillation; the small variable capacitor C2 
and the 390-yuf. mica capacitor form the neutral- 
izing circuit. Screen or screen and plate modula- 
tion power can be introduced at socket Xo; for 
radiotelegraph operation these connections are 
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completed by P». Grid or plate current of the 
6DQ5 can be read by proper positioning of Ss; 
the 0-15 milliammeter reads 0-15 ma. in the grid- 
current position and 0-300 ma. in the plate- 
current position. 

The transmitter is keyed at J3, and a key- 
click filter (100-ohm resistor and Cs) is included 
to give substantially click-free keying. The v.f.o. 
jack, J4, allows a v.f.o. to be keyed along with the 
transmitter for full break-in operation. 


Construction 


A 10 X 17 X 3-inch aluminum chassis is used 
as the base of the transmitter, with a standard 
834-inch aluminum relay rack panel held in 
place by the bushings of the pilot light, excitation 
control and other components common to the 
chassis and panel. The panel was cut down to 
17 inches in length so that the unit would take a 
minimum of room on the operating table. A 
good idea of the relative location of the parts 
can be obtained from the photographs. The sup- 
port for the r.f. portion housing is made by fasten- 
ing strips of 1-inch aluminum angle stock (Rey- 
nolds aluminum, available in many hardware 
stores) to the panel and to a sheet of aluminum 
91% inches long that is held to the rear chassis 
apron by screws and the key jack, .J3. A piece of 
aluminum angle must also be cut to mount on 
the chassis and hold the cane-metal (Reynolds 
aluminum) housing. Fig. 6-47 shows the three 
clearance holes for the screws that hold this latter 
angle to the chassis after the cane metal is in 
place. Build the can-metal housing as though the 
holes weren’t there and the box has to hold 
water; this will minimize electrical leakage and 
the chances for TVI. To insure good electrical 
contact between panel and angle stock, remove 
the paint where necessary by heavy applications 
of varnish remover, with the rest of the panel 


Fig. 6-45 — This 75-watt crystal-con- — 
trolled transmitter has provision for the 
addition of v.f.o. control. A 6AG7 oscil- 
lator drives a 6DQ5 amplifier on 80 
through 15 meters. 

As a precaution against electrical 
shock, the meter switch, to the immediate 
right of the meter, is protected by a 
cane-metal housing. The switch to the 
right of the meter switch handles the 
spot-operate function, and the switch at 
the far top right is the plate-circuit 
band switch. 

Along the bottom, from left to right: 
pilot light, excitation control, crystal 
switch, grid circuit band switch, and 
grid circuit tuning. 
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masked off. The paint will blister and be easy 
to remove; wash the panel and then drill the 
holes for the components and screws. (If the holes 
are drilled first, the varnish remover may leak 
through and spoil the paint on the front of the 
panel.) 

From a suitable piece of cane metal, make the 
four-sided 214 X 2144 X 24-inch box that cov- 
ers Ss, and fasten it to the utility-box cover with 
sheet-metal screws. Don’t forget J; on the side 
of the box. 

The self-supporting coil, £4, can be wound on 
the envelope of the 6AG7 and then pulled apart 
to give the correct winding length. 

Installation of the electrical components should 
present no problems. To insulate it from the 
chassis, capacitor C; 1s mounted on a_ small 
ceramic cone insulator (Johnson 135-500 or 
National GS-10). The socket for the 6DQ5 
is mounted above the chassis on a pair of 34- 
inch sleeves, with a large clearance hole under the 
socket for the several leads running from under 
the chassis. Cathode and screen bypass capacitors 
for the 6DQ5 connect to the chassis at soldering 
lugs under the sleeves. 

Taps on Lz are readily made by first pushing 
the wire on either side of the desired turn toward 
the center of the coil. 

Note that shielded wire is used for many of the 
power leads; this is done to minimize the chances 
for stray radiation and it also contributes to 
the stability of the transmitter. Don’t neglect it. 


6 -HIGH-FREQUENCY TRANSMITTERS 


Adjustment 

When the wiring is completed and checked, dis- 
able the amplifier stage by removing Pe, plug in 
P3 and turn on Ss. The tube heaters and filaments 
should light up. If a voltmeter is available and 
connected across C's, it should indicate over 500 
volts. Later on, with full loading, the plate voltage 
will run around 400. 

With S, switched to an 80-meter crystal, Ss 
switched to 80 or 40 and Ss switched to GRID, 
flip So to spor and tune C; through its range. 
If the crystal is oseWlating the meter should give 
an indication at some setting of C;. The grid 
current reading should vary with the setting of 
Cy; (maximum at resonance) and with the setting 
of Ry (maximum with arm at 20K end). If a key 
is plugged in at J3 and So is set to opmR, the grid 
current should appear only when the key is 
closed. Listen to the signal on a receiver (no 
antenna); if the signal is chirpy try adjusting the 
3-30 wf. compression trimmer between grid 
and cathode of the 6AG7. 

With a 40-meter crystal switched in, check 
for grid current at 14 and 21 Mc., by switching 
S3 to the desired band and tuning with C;. These 
settings should be checked with an absorption- 
type wavemeter, since it is possible in some cases 
to find more than one harmonic in the range of 
C;. The 28-Mc. range can also be checked, but 
the 4th harmonic of the 7-Me. erystal will yield 
only about 1 ma. of grid current. 

Next check the neutralization on the 15-meter 


Fig. 6-47 — Top view of the 6DQ5 transmitter with cane-metal cover removed. A 
3 X 4 X 5-inch utility box (upper right) serves as a shield for the crystals; the cane- 
metal protection for the meter switch is fastened to the box cover. Phono jack mounted 
on the meter-side of the box receives v.f.o. output; short length of Twin-Lead from this 
jack to octal plug brings v.f.o. output to crystal socket. 

For protection against high voltage, meter terminals are covered by ceramic tube 


plate caps 
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(Millen 36001). 


A 75-Watt Transmitter 


Fig. 6-48 — Group of six octal sockets (upper left) serves as crystal sockets. Socket at center 

of chassis holds 6AG7 oscillator tube; the 3-30-yuf. mica compression trimmer mounted along- 

side is excitation control for oscillator stage. Small midget capacitor above coil is neutralizing 

capacitor adjusted from above chassis; this capacitor and grid tuning capacitor to right must 
be insulated from chassis. 


band. With 21-Mce. grid current indicating, switch 
S4 to 15, set C4 at half scale, and swing C3 through 
its range. Watch closely for a flicker in grid cur- 
rent. If one is observed, try a different setting of 
Co. Work carefully until the flicker is a minimum. 
A more sensitive indication of neutralization 
ean be obtained by using a germanium diode and 
a O-1 milliammeter in the output at J9; adjust Ce 
for minimum meter indication. If using this 
sensitive test, it is wise to start out with R, 
set at half range or less, until it has been deter- 
mined that the meter will not swing off scale. 
Under no circumstances use this test with P» 
in place; the 6DQ5 output is quite likely to 
destroy the crystal diode. 

When the amplifier has been neutralized, con- 
nect a dummy load (a 60-watt lamp will do) 
at Jo and replace P». Set S5 to PLATE and send 
a few dots as C3 is tuned through its range. At 
resonance the lamp should light up and the plate 
current should dip. The plate current can be 
made to increase, along with the lamp brilliance, 
by decreasing the capacitance at C4. The 6DQ5 
plate current can be run up to 180 ma. (9 ma. 
on the meter) for Novice work; the grid current 
should be held at 2 to 4 ma. Crystals in the 3.5- 


to. 4.0-Mc. range should be used for 80- and 40- 
meter operation, and 7-Mce. crystals should be 
used on 40, 20 and 15 meters. For 10-meter 
operation, it is recommended that a v.f.o. with 
20-meter output be used to drive the 6AG7; 
trying to drive the 6DQ5 with the 4th harmonic 
of a 7-Me. crystal is too marginal for all but the 
most experienced operators. With v.f.o. control, 
always frequency multiply (double or triple) 
in the 6AG7 stage to the desired band. 

Because the 6DQ5 is capable of drawing high 
values of plate current when not tuned properly, 
it will pay to take care in learning how to adjust 
the transmitter. Once the controls have been 
“calibrated”? and the approximate settings for 
each band become known, it should no longer 
be necessary to tune up with the “series-of-dots”’ 
technique mentioned above. However, in the 
early stages of familiarization with the trans- 
mitter, the dots, or a fast hand on the key, may 
save a tube or power supply. The fact that the 
6DQ5 can draw such heavy currents at low plate 
voltages makes it an excellent tube for an effec- 
tive Inexpensive transmitter, but the tube is 
not as tolerant of careless tuning habits as are 
some other tubes. 
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6 -HIGH-FREQUENCY TRANSMITTERS 
A 90-Watt All-Purpose Amplifier 


The amplifier shown in Figs. 6-49 through 
6-52 will serve as a Class-AB, linear amplifier 
or as a Class-C power amplifier with no changes 
other than the proper adjustment of excitation 
and loading. To accomplish this, a stabilized 
bias supply provides proper Class-AB, bias; the 
bias increases to the correct value for Class-C 
operation when the excitation is brought up to 
the point that yields normal grid current. A stabi- 
lized screen supply is included to insure good 
linear operation. 

Referring to the amplifier circuit in Fig. 6-51, 
excitation on the desired band is introduced at 
J;. The grid circuit is a commercial assembly, 
Zi, that can be switched to the correct band by 
S; and tuned by Cj. A pi-network coupler is used 
in the output, switched by S,: and tuned by C3. 
Proper loading is obtained by adjustment of C4; 
to provide sufficient output capacitance in the 
80-meter band an additional 680 uuf. is added. 
A neutralizing circuit, C2 and a 680-yuf. capacitor, 
adds to the fundamental stability at the higher 
frequencies. Parasitic suppressors were found to 
be necessary in the grid and plate circuits. 

Overload protection is provided by a 250-ma. 
fuse in the cathode circuit. The grid, plate or 
screen current can be metered by a suitable 
setting of 3; with the resistances shown the 
meter provides a full-scale reading of 5 ma. on 
grid current, 25 ma. on screen current, and 250 
ma. on plate current. 

If it is desired to plate- or sereen-modulate the 
amplifier for a.m. operation, the necessary audio 
power can be introduced at J3. 
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Fig. 6-49—Front view of the 6146 all-purpose amplifier. 
The upper panel is part of an 8 X 6 X 3'%-inch Minibox 
(Bud CU-2109); the ventilated shielding of Reynolds 
Aluminum cane metal is fastened to the Minibox and base 
with sheet-metal screws. 

Plate-circuit tuning controls and switch are mounted on 
the Minibox, and the grid-circuit controls, power switches 
and meter are mounted on the end of the 8 KX 12 X 3- 
inch aluminum chassis that serves as a base. 


The power-supply circuit is shown separately 
(Fig. 6-53) for convenience only, since the ampli- 
fier and power supply are all built on the same 
8 X 12 X 3-nch chassis. High voltage for the 
plate of the 6146 is provided by a bridge rectifier 
using a 5U4-GB and two 6DE4 recti- 
fiers; stabilized screen voltage is ob- 
tained from the same supply and two 
voltage-regulator tubes. 


Fig. 6-50—Rear view of the 90-watt ail- 
purpose amplifier with the cane-metal cove: 
removed. One voltage-regulator tube has 
been removed from its socket (right edge of 
transformer) to allow the neutralizing capaci- 
tor and plate blocking capacitor to be seen. 
The plate r.f. choke (RFCs in Fig. 6-51) is 
mounted on one side wall, and the load capac- 
itor and safety choke (C1 and RFC; in Fig. 
6-51) are mounted on the far side wall. 

The rear apron of the chassis (foreground) 
carries the input and output coaxia!-connector 
jacks, the 6146 cathode fuse, and the socket 
for the a.m. modulator connections. A shorting 
plug is shown in the socket. 


the base of RFC: 
A high-voltage 


is run in well-insulated wire to a feed-through 


bushing that runs through the chassis and to 


the meter switch terminal 2. 
holds the length of 


and a suitable hole in the 
good source for this 
ected between the bush- 


chassis. Connection to the rotor should be made 
under the chassis by using a suitable soldering 


lu 


fiber washers 


“HOM Z 


g under the nut on the threaded sleeve bearing. 
Aluminum cane metal is available in many 
hardware stores, and it is an easy matter to bend 


A simple clamp, Fig. 6-54, 
RG-58/U from C4 in place and at the same time 


The high-voltage lead from 
insures that the r.f. leaves the compartment via 


the inside of the cable and not the outside. 


bypass capacitor 1s conn 


(Old volume controls are a 
ing and the chassis. 


lug.) 


truded 


Construction 
lated from the chassis by mounting it in ex- 


Most of the components can be identified in 
The neutralizing capacitor, C2, has its rotor 


Figs. 6-49, 6-50 and 6-52, but a few construction 
notes are in order. The octal socket for the 6146 


is mounted on two 14-inch-long collars above the 
The three .001-uf. ceramic capacitors connected 
to the cathode pins (1, 4 and 6) ground to the 
chassis at lugs under the nuts holding the socket- 
mounting screws. The .001-uf. ceramic capacitors 
nected to the same ground lugs as the cathode 
circuit. The grounded side of the 680-uyf. capaci- 
tor in the grid-circuit return should also be 
soldered to one of the ground lugs. 


in the screen and heater circuits ground to their 
respective wire shields which in turn are con- 


usual 11%-inch diameter hole in the chassis. 


A 90-Watt Amplifier 
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6 — HIGH-FREQUENCY TRANSMITTERS 


a piece of it to form the cover. Make the cover 
with lips on the vertical portion that slip tightly 
over the sides of the Minibox, and with a bend 
at the bottom that can be fastened to the chassis. 
Another piece of cane metal should be cut to 
serve as a bottom cover; mounting the chassis on 
rubber feet lifts it above the table and permits 
good air circulation through the unit. 

The self-supported inductor Z3 can be wound 
on the envelope of one of the 6DE4 rectifiers, 
removed and pulled apart slightly to give the 
specified winding length. The taps on Ly are 
made by first bending inward the wire on either 
side of the turn to be tapped, then looping the 
tap wire around the turn and soldering it securely 
in place. Both Lz and L4 are supported only by 
their leads. 


Testing and Adjustment 


With all tubes in their sockets except the 6146, 
the line cord should be plugged in and the power 
switch turned on. The bias-supply 0A3 should 
glow immediately and the rectifier filament and 
heaters should light up. The sereen-supply regu- 


lators should glow. If a voltmeter is available, the 
high-voltage supply should show first around 400 
volts, and then rise slowly to about 950 volts. 
Switch off the power; the plate supply voltage 
should decay to less than 100 in under 20 seconds, 
indicating that the 40,000-ohm resistors are 
“bleeding” the supply. Note also how long it 
takes for the voltage to reach a value of only a 
few volts: this will demonstrate forcefully how 
long it takes to discharge a high-capacitance 
filter. 

When the power supply has discharged, plug in 
the 6146, connect the plate cap, and set S4 to 
STAND By. Set the neutralizing capacitor C2 at 
half capacitance and the band switches on 80 
meters. Turn on the power and set the meter 
switch, S3, to read plate current. The 6146 
heater should warm up. Now flip S4 to operate; 
the meter should read 10-20 ma. (.2-.4 on the 
scale). Switching to read screen current, the 
meter should show under 1 ma. (2 divisions on 
the meter). There should be no grid current. 

Turn off the power and remove the three 
rectifier tubes. Connect at J; the driver or excita- 


Fig. 6-52—Bottom view of the 
all-purpose amplifier. The 
150-ma. filter choke is mounted 
on the left-hand wall; the 
smaller filter choke, the small 
filament transformer (Ti in Fig. 
6-51) and the selenium rectifier 
are mounted on the right-hand 
wall. The strap of aluminum, 
visible below the meter at the 
top right, provides additional 
support for the length of 
RG-58/U cable that runs to the 
output coaxial connector. All 
power leads except the high 
voltage to the plate are run in 
shielded wire. 


A 90-Watt Amplifier 


6DE4 6DE4 


a in 


aera | 


Fig. 6-53— Power supply section of the all-purpose amplifier. 


Li—7-henry 150-ma. choke (Stancor C-1710). 
l2—8Y2-henry 50-ma. choke (Stancor C-1279). 


P;—Fused line plug, 3-ampere fuses. 
Si—S.p.s.t. toggle. 


T:,—800 v.c.t. at 200 ma., 6.3 v. at 5 amp., 5 v. at 3 amp. (Allied Radio Knight 62 G 033). 


tion source to be used — less than a watt is re- 
quired for linear operation, and only a shade 
more for Class C. Use the drive at a high fre- 
quency, such as 21 or 28 Mc. Turn on the ampli- 
fier and switch the band switches to the band 
corresponding to the excitation-source frequency. 
Adjust the grid tuning capacitor for a show of 
grid current; peak the tuning and (if necessary) 
adjust the excitation for a half-scale reading of 
grid current. With the loading capacitor C4 set 
at. half scale, swing the tuning capacitor C3 
through its range. Watch carefully for a slight 
flicker in grid current. If one is found, adjust 
the neutralizing capacitor C2 until the flicker is 
minimized. The amplifier is now neutralized. 
Alternatively, a sensitive detector of r.f. can be 
coupled at the output connector, /2, and used 
instead of the grid-current flicker. Adjust C 
for minimum r.f. in the output when the plate 
circuit is tuned through resonance. Turn off 
the power switch and disconnect the excitation 
source. 

Remove the sensitive detector, if used, and 
replace the rectifier tubes. Turn on the power 
and switch the meter to read plate current. With 
the grid and plate circuits switched to the same 
band (10, 15, 20 or 40) it should be possible to 
swing the grid and plate tuning to any combina- 
tion of settings with no change in plate current 
reading. This indicates that the amplifier is stable 
and free from oscillation. (The amplifier can be 
made to oscillate on 80 meters with no grid or 
plate loading, but in loaded operation it will be 
stable.) 

The antenna and excitation can now be con- 
nected and the amplifier used in normal fashion. 
Used as a linear amplifier, the excitation should be 
adjusted just below the level that would kick 
the grid-current indication on signal peaks. 
Proper loading will be obtained when a steady 
carrier just under the grid-current level is used for 
drive and the loading at resonance is set for about 
100 ma. plate current. Under these conditions 


of loading, a sideband signal will kick the plate 
current to about 40 or 50 ma. on peaks. Measured 
p.e.p. input before clipping should be 60 to 70 
watts. 

When used as a Class-C amplifier, the drive 
should be increased to where about 2 to 3 ma. 
grid current is drawn, and the loading to where 
the 6146 draws about 125 ma. If the amplifier is 
plate modulated, the plate current should be re- 
duced to 95 ma., to stay within the tube ratings. 

Since the amplifier uses a fixed and “‘stiff”’ 
screen supply, it is good practice always to bring 
up the excitation and loading together, while 
checking to see that the screen current never 
exceeds about 15 ma. In normal Class-C opera- 
tion the screen current will run around 10 ma. 


TO C4 
STATOR 


TOP PLATE 


Fig. 6-54—Exploded view of the cable clamp used to 
hold the coaxial cable running to Jz. The top plate is a 
1Y%-inch square of sheet aluminum with holes at the four 
corners for 6-32 screws. The arch is a %6-inch wide strap 
that mounts diagonally under the chassis. When tightened, 
the top plate clamps the cable braid to the chassis; the 
arch lends support to the cable. 
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6 —HIGH-FREQUENCY TRANSMITTERS 
A Self-Contained 500-Watt Transmitter 


Figs. 6-55 through 6-60 show the details of a 
500-watt c.w. transmitter, completely self-con- 
tained except for the external remote v.f.o. tun- 
ing box shown in Figs. 6-59 and 6-60. Provision is 
made for introducing s.s.b. input at the grid of 
the driver stage. While plate modulation can be 
applied to the final amplifier in the usual manner, 
ratings of the plate power supply limit the safe 
input to about 250 watts. 

The circuit is shown in Fig. 6-58. Switch Se 
permits either v.f.o. or crystal-controlled opera- 
tion using a 6AH6 oscillator. Either 80- or 40- 
meter crystals may be used. The v.f.o. circuit 1s in 
the 80-meter band and Sj; selects either of two 
frequency ranges — 3.5 to 4 Me. for complete 
coverage of all bands, and 3.5 to 3.6 Me. for 
greater bandspread over the low-frequency ends 
of the wider bands. The plate circuit of the oscil- 
lator is on 40 meters for all output bands except 
80 meters where it 1s non-resonant. 

A 6CL6 buffer separates the oscillator and the 
first keyed stage. This stage doubles to 20 meters 
for 20- and 10-meter output and triples to 15 
meters. The driver is a 2E26 which doubles to 
10 meters and works straight through on all 
other bands. This stage is neutralized and a 
potentiometer in its screen circuit serves as an 
excitation control. 

The final is a 7094, also neutralized, with a 
pi-network output circuit using a B& W 851 band- 
switching inductor unit. 

A differential break-in keying system using a 
12AU7 1s included. Both the final amplifier and 
driver are keyed by the grid-block method. 
The differential is adjusted by Ry. Clicks are pre- 
vented by envelope-shaping circuits which in- 
clude C7, Cy, and the grid-leak resistances. 

The 100-ohm meter shunts give a full-scale 
reading of 50 ma., the 51-ohm shunts a full-scale 
reading of 100 ma., and the 10-ohm resistor in 
the negative high-voltage lead provides a 500-ma. 
scale. 4 


Power Supply 


The plate transformer in the high-voltage 


supply uses a transformer designed for a con- 
ventional full-wave rectifier circuit with an 
ICAS d.c. output rating of 300 ma. at 750 
volts. A bridge rectifier is used with this 
transformer so that an output voltage of 1500 
is obtained. The short duty cycle of c.w. 
or s.s.b. operation makes it possible to draw up 
to the rated maximum of the 7094 (330 ma.) 
through a choke-input filter without a prohibitive 
rise in transformer temperature. 

The low-voltage supply has two rectifiers. A 
full-wave rectifier with a capacitive-input filter 
provides 400 volts for the plate of the driver and 
the screen of the final amplifier. A tap on a volt- 
age divider across 400 volts provides 300 volts for 
the plates of the oscillator, buffer and keyer tubes. 
A half-wave rectifier with a choke-input filter 
supplies 250 volts of bias for the keyer and fixed 
bias for the 2E26 and 7094 when they are operat- 
ing as Class AB, linear amplifiers. 


Control Circuits 


S7 is the main power switch. It turns on the 
low-voltage, filament and bias supplies. Until 
it has been closed, the high-voltage supply cannot 
be turned on. In addition to turning on the high- 
voltage supply, Sg operates the relay Ky which 
applies screen voltage to the final amplifier. Thus, 
to protect the screen, screen voltage cannot be 
applied without applying plate voltage simul- 
taneously. Js is in parallel with Sg so that the 
high-voltage supply can be controlled remotely 
from an external switch. Also, in parallel with 
the primary of the high-voltage transformer is 
another jack, J7, which permits control of an 
antenna relay or other device by Sg if desired. 

The v.f.o.-set switch Ss turns on the exciter and 
grounds the screen of the final amplifier. 

Se has three positions. One is for crystal con- 
trol, the second for v.f.o. operation, and the third 
position is for operating the last two stages of 
the transmitter as linear amplifiers with an ex- 
ternal s.s.b. exciter. In addition to shifting the 
input of the driver stage from the buffer amplifier 
to an s.s.b. input connector, fixed bias is provided 
for AB, operation of both stages. 


Construction 
The transmitter is assembled on a 17 X 13 X 


Fig. 6-55—A 500-watt transmitter. Power supplies and a 
differential keyer are included. It operates with the ex- 
ternal v.f.o. tuner shown in Fig. 6-59. Controls along the 
bottom, from left to right, are for low-voltage power, ‘ 
v.f.o./crystals/s.s.b. switch, driver tank switch, driver tank 
capacitor, final loading, v.f.o. set switch, and high-voltage. 
Above, from left to right, are controls for excitation, final 
tank switch, final tank capacitor and meter switch. The 
band-switch pointer is made by cutting down the metal 
skirt of a dial similar to the one to the right. 
All dials are Johnson. 


Fig. 6-56—The only shielding required on top 
of the chassis is the amplifier enclosure shown. 
A perforated cover for the enclosure 
is not shown. 


4-inch aluminum chassis with a 19 X 
1214-inch panel. The amplifier enclo- 
sure measures 8!%4 inches wide, 814 
inches deep and 71% inches high. The 
three permanent sides shown in Fig. 
6-56 can be bent up from a single sheet 
of solid aluminum stock. The top and 
back (not shown) are made from a sin- 
gle piece of Reynolds perforated sheet aluminum. 

The tube socket is mounted on 34-inch ce- 
ramic cones over a large hole cut in the chassis and 
covered with a patch of perforated sheet. The 
tank capacitor C5 is mounted on metal spacers to 
bring its shaft level up to that of the switch on 
the B&W inductor which is mounted directly on 
the chassis. The two shafts are spaced 4 inches. 


Exciter 


A4 X 5 X 6-inch aluminum box is used as the 
foundation for the exciter. The driver tank 
capacitor is centered on the chassis with its center 
approximately 3 inches back from the front edge 


of the chassis. The capacitor specified has an - 


insulated mounting. If an uninsulated capacitor 
is substituted, an insulating mounting must be 
provided. The shafts of So and S3 are spaced 
21% inches and centered on the front end of the 
box. On the side of the box toward the tuning 
capacitor, the oscillator tube, the buffer tube, the 
low-frequency section (Le) of the driver tank 
coil, and the 2E26 are lined up so as to clear the 
tank capacitor and its shaft. The latter is fitted 
with an insulated coupling and a panel- 
bearing unit. The slug-tuned coils are 
mounted in holes near the bottom edge 
of the box. Neutralizing capacitor C's 
is mounted at the rear end of the box, 
close to the 2E26 socket. The high- 
frequency section (L;) of the tank coil 
is suspended between the outer end of 


Fig. 6-57—The exciter is assembled using a 
standard aluminum box as the foundation. The 
perforated cover has been removed. The bot- 
tom of the chassis should also have a 
perforated metal cover. 


the low-frequency section and the plate cap of 
the 2E26. Coil-tap leads run through small feed- 
through points or grommeted clearance holes in 
the side of the box. 

The loading capacitor Cy, is placed so that its 
shaft is symmetrical with the shaft of S3, and Ss 
is spaced from it to balance So at the other end. 


The V.F.O. Tuner 


The v.f.o. tuner is assembled ina 5 X 6 X 9-inch 
aluminum box (Premier AC-596). The dual 
tuning capacitor C2 has 7 plates, 4 rotor and 3 
stationary, in each section. In the front section, 
which is used to cover the entire 80-meter band, 
the two rotor plates nearest the front should be 
removed. This leaves two rotor plates and two 
active stator plates, the front stator plate being 
inactive. In the rear section, the front rotor plate 
and the last two rotor plates are removed. This 
leaves one rotor plate riding between two stators. 

The capacitor is mounted on a bracket fastened 
against the bottom of the box, although it could 
be mounted from the front cover with spacers to 
clear the hub of the Millen 10035 dial. The shaft 
of the capacitor should be central on the front 
cover. The coil is suspended between a pair of 


pore 
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OSC-DBLR, 


22K 


KEYER 
‘Co =) 


RG-22U 


1000 1000 


BFR.—MULT. 


3.5 OR 7Mc. 


As So edhe 
| 450 V. 
ISHY. 


75 MA. 


Fig. 6-58—Circuit of the 500-watt self-contained transmitter. Capacitance less than 0.001 wf. are in uf. Fixed 

capacitors of capacitance greater than 100 uf. should be disk ceramic, except as noted below. Fixed capacitors 

of 100 uuf. and 220 pupf. should be mica. Capacitors marked with polarity are electrolytic. Resistors not otherwise 
marked are 2 watt. R.f. chokes in uh. unless otherwise marked. 


Bi—Blower (Allied 72P715). 

Ci, Cs—100-uuf. air trimmer (Hammarlund APC-100-B). 
Co—Midget dual variable, 25 uuf. per section (Johnson 
167-51 altered as described in the text). 

C4, C5 —0.001-yf. silver mica. 

Ce—30-uuf. mica trimmer (National M-30). 

C7, Cii—0.1-yf. paper (keyer shaping). 

Cs—30-uyf. miniature variable (Johnson 160-130), 

Co—100-upyf. midget variable (Johnson 167-11). 

Cio—330-pupyf. mica. 

Ci2—10-upf. neutralizing capacitor (Johnson 159-125). 

Ci3—0.001-uf. 3000-volt disk ceramic. 

Ci4—0.001-pf. 5000-volt ceramic (CRL 8585). 

Cis—250-ypyf. 2000-volt variable (Johnson 154-1). 

Cie—Triple-gang broadcast variable, 365 uf. or more 
per section, sections connected in parallel. 

11, lh—One-inch 115-volt panel lamp. 

Ji, Jo—Cable connector for RG-22/U (Amphenol 83-22R, 
UG-103/U). 

J3—Crystal socket (Millen 33102). 

J4, JIs—Coaxial receptacle (SO-239). 

Je—Key jack, open circuit. 


J7, Js—Chassis-mounting a.c. receptacle (Amphenol 61-F). 
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Ki—S.p.s.t.. 115-volt a.c. relay (Advance GHA/1C/ 
115VA or similar). 

Li—35 uwh.—32 turns No. 18, 2 inches diameter, 2 inches 
long (Airdux 1616). 

le—Approx. 10 uwh.—65 turns No. 26 enam., on ¥%-inch 
iron-slug form (Waters CSA-1011-3). 

L3—Approx. 2 wh.—16 turns No. 26 enam., close-wound 
at center of form similar to Le. 

La—Approx. 1 wh.—13 turns No. 26 enam., Y2 inch long 
at center of form similar to Lo. 

Ls—16 turns No. 20, % inch diameter, 1 inch long, tapped 
at 10 turns and 13 turns from Le end (Airdux 616). 

Le—40 turns No. 16, 114 inches diameter, 2% inches long, 
tapped at mid point and at Ls end (Airdux 1016). 

L7—3 turns No. 14, 2 inch diameter, % inch long. 

Ls—A4 turns 2% X 46-inch copper strip, 14% inches diameter, 
2/2 inches long (part of B&W 851 coil unit). 

Lo —4% turns No. 8, 2'2 inches diameter, 1% inches long, 
tapped at 1% turns from Ls end, plus 9¥2 turns 
No. 12, 2% inches diameter, 11/2 inches long, 
tapped at 6 turns from output end (part of BR W 
851 coil unit). 


1000 


EXT RELAY REMOTE HV 


500-Watt Transmitter 


SSB INPUT 


DRIVER 


S20 Q 


(Rs 


S.SB.O 9 Ov. 0. 
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SWITCH 


Lio—7-hy. 150-ma. filter choke (Stancor C-1710). 

Lir—15-hy. 75-ma. filter choke (Stancor C-1002). 

Lis—5/25-hy. 300-ma. swinging filter choke (Triad 
€-33A): 

Mi—Shielded O- 5-ma. d.c. milliammeter, 32-inch rectan- 
gular (Phaostron). 

P;, Pe—Plug for RG-22/U cable (Ampheno! 83-22SP). 

Ri; —100,000-ohm potentiometer. 

Re, Rs, Re—100 ohms, 5%. 

R4—20,000-ohm 4-watt potentiometer (Mallory M20- 
MPK) 

Rs, Rs—51 ohms, 1 watt, 5%. 

R7—Two 10,000-ohm 2-watt resistors in series. 

Ro—Three 100-ohm 1-watt noninductive resistors in 
parallel. 

Rig — 25,000 ohms, 25 watts with s!ider. 

Ri1— 15,000 ohms, 20 watts, with slider. 

Riz2—4700 ohms, 1 watt. 

Ri3—2200 ohms, 1 watt. 

Risz— 10 ohms (Five 51-ohm 1-watt 5% resistors in parallel.) 


+1500 

80 wf. + 12.5K 
450V. “T= 20 W. 
80 wf. A 2.5K 
450 V. = 20W. 
8ouf at 12.5K 
450 V ae 20W, 
80 uf. “+ 125K 
450 V, = 20W, 
8Omut. sf 12.5K 
450V. ze 20W, 


Ris—1000 ohms, Y2 watt 5%. 

Si1—Single-pole ceramic rotary switch (Centralab 2000, 
2 of 12 positions used). 

S2—Two-wafer ceramic rotary switch (Centralab PA-300 
index, PA-4 wafers. So, and S2, are onone wafer, 
S2c, Sep and S2p on second wafer). 

S3—Three-wafer ceramic rotary switch (Centralab PA-301 
index, wafers PA-0, 5 positions used). 

S4-—Part of BRW 851 coil unit. 

Ss—2-pole 3-position ceramic rotary switch (Centralab 
2003, two positions used). 

Se—Double-pole ceramic rotary switch (Centralab 2003). 

S7, Ss—S.p.s.t. toggle switch. 

Ti — Power transformer: 750 v.a.c., c.t., 150 ma.; 5 volts 
3 amps.; 6.3 volts, 4.7 amps. (Thordarson 22R06). 

Tz, Ts—Filament transformer: 2.5 volts, c.t., 3 amps. 
(Triad F-1X). 

T1—Plate transformer: 1780 vo'!ts, c.t., 310 ma., center tap 
not used (Triad P-14A). 

Ts—Filament transformer: 5 volts, c.t., 3 amps. (Triad F-7X). 
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21-inch ceramic pillars (Millen 31002). It is 
placed immediately to the rear of the tuning 
capacitor. The two air trimmers, C; and C3, are 
mounted on the top side of the box with their 
shafts protruding so that they can be adjusted 
from the top. The bandspread switch is mounted 
in one end of the box and the cable connector at 
the other end. 

The unit is housed in a standard cabinet (Bud 
C-1781) having an 8 X 10-inch panel. The dial 
should be fastened to the panel, making sure 
that the hub of the dial lines up accurately with 
the shaft of the tuning capacitor. Then the box is 
inserted in the cabinet through the front opening. 
The switch shaft goes out through a hole drilled 
in the side of the cabinet, and the cable goes 


Fig. 6-59—The remote v.f.o. tuning unit is housed in a 
standard metal cabinet. The cable at the right plugs 
into the main chassis. 


through a hole in the opposite end to the cable 
connector. The dial should be set to read zero at 
maximum capacitance of the tuning capacitor. 
The box should be supported on spacers. 


Adjustment 


With all tubes except the rectifiers out of their 
sockets, the power supplies should be checked 
first to be sure that they are functioning properly. 
The voltage output of the low-voltage supply 
should be in excess of 400 volts, the biasing 
voltage 300 or more and the high voltage above 
1500. The slider on the low-voltage bleeder 
should be set at approximately three quarters 
of the way from ground. The slider on the bias- 
supply bleeder should be set for a reading of —250 
volts to ground. 

Plug in the oscillator and buffer tubes and an 
80-meter crystal if one is available; otherwise 
connect the v.f.o. tuner. With the low-voltage 
supply turned on, the O0A2 should glow. When 
the key is closed, the 0A2 should dim but stay 
ignited. If it does not, the value of the 10K VR 
resistor should be reduced. 

The v.f.o. can now be adjusted to frequency. 
Set Co at maximum capacitance. Set S; to the 
80-meter position. Adjust the 80-meter trimmer 
until a signal is heard at 3500 ke. on a calibrated 
receiver. Then set the receiver to 4000 ke. and 
tune the v.f.o. until the signal is heard. If the 
signal is not close to 100 on the dial, carefully 
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Fig. 6-60—Interior of the v.f.o. 
mounting of the coil and other components. 

bend the rear rotor plate of the 80-meter section 

of C2 outward a little at a time to get the desired 

bandspread. Each time this adjustment is made, 

the trimmer should be reset to bring 3500 ke. at 

zero on the dial. 

The same procedure should be followed in ad- 
justing for the other v.f.o. range, aiming for 3600 
ke. (or above if desired) at 100 on the dial. 

The 2E26 should now be plugged in and the 
excitation control R4 set at the ground end (zero 
screen voltage). Se should be set in the v.f.o. 
position. With low voltage on and the key closed, 
a 2EK26 grid-current reading should be obtained 
with the band switch in the 80-meter position. 
With the switch in the 40-meter position, the 
slug of Ly should be adjusted for maximum grid 
current to the 2E26. With the band switch in the 
20-meter position, 13 should be adjusted for maxi- 
mum grid current, and then the slug of L4 should 
be adjusted for maximum grid current with the 
band switch in the 15-meter position. 

Now insert the 7094 in its socket and neutral- 
ize the 2E26 as described earlier in this chapter. 

Testing of the final amplifier requires a load 
applied to the output connector. Two 150-watt 
lamps connected in parallel should serve the 
purpose. Turning on the high voltage will also 
apply screen voltage through the relay Ky. With 
both band switches set to 10 meters, and Cg set 
at about half capacitance, quickly tune the out- 
put circuit to resonance as indicated by the 
plate-current dip. The load lamp should show 
an indication of output. Switch the meter 
to read grid current and neutralize as described 
earlier in this chapter. After neutralization the 
amplifier can be loaded to rated plate current. 
If it is above the rated maximum value, increase 
Cig and retune to resonance, or decrease Cj¢ if the 
plate current is below the rated value. 

With the final adjusted and the entire trans- 
mitter operating, make a final check on the volt- 
age at the tap on the low-voltage supply, adjust- 
ing the slider if necessary to bring the voltage to 
300 with the key closed. Be sure to turn off all 
voltages each time an adjustment is made. 

The last adjustment is in the keyer. Adjust the 
potentiometer /?; to the point where the oscillator 
cannot be heard between dots and dashes at 
normal keying speed. 


813 Amplifier 


An All-Purpose 813 Amplifier 


Figs. 6-61 through 6-64 show the circuit and 
photographs of an 813 amplifier designed for c.w., 
a.m., or s.s.b. operation. Provision has been made 
for convenient changing from one mode to an- 
other as well as to any of the bands from 80 
through 10 meters. 

The circuit is shown in 6-62. A turret-type 
grid circuit is used and the output circuit is a 
pi network designed to work into coax cable. The 
inductor is the rotary-type variable. Provision 
for neutralizing is included. R, is a parasitic 
suppressor. 

For Class-C ¢.w. or phone operation, S4 is open. 
The 90 volts of fixed bias, furnished by a small 
bias supply and regulated by the VR490, is aug- 
mented by a drop of about 50 volts across the 
grid-leak resistor Ry at a normal grid current of 
15 ma. This brings the total bias to 140 volts. 
With S4 closed, the grid leak is short-circuited 
and the 90 volts of fixed bias alone remains for 
ABg s.s.b. operation. (An advantage in ABg for 
c.w. operation is that it preserves the keying 
characteristics of the exciter better than with 
Class-C operation.) R3 should be adjusted so that 
the VR90 just ignites with no excitation. 

Screen voltage is regulated at 750 volts by a 
string of five OA2s for s.s.b. operation. When the 
grid drive is increased for Class-C operation, the 
screen current increases, increasing the drop 
across the screen resistor Rs, and the screen volt- 
age falls to 400. The regulators then lose control 
and the amplifier is ready for plate-screen 
modulation. 

The screen is protected against excessive input, 
should the load or plate voltage be removed, by 
the overload relay Ky. The tripping point is set 
at 40 ma. by the variable shunt resistor R4. If the 
relay trips, current through Re will hold the screen 
circuit open until plate voltage is removed. One 
meter, 14;, measures cathode current, while the 
other meter, M2, may be switched to read either 


Fig. 6-61 —W4SUD’s all-purpose 813 
amplifier. The output-capacitor switch 
(coarse loading) is above the turns 
counter for the variable inductor. Dials 
near the center are for the plate tank 
capacitor C4 (above) and the grid 
tank capacitor C; (below). To the right 
of the dials are the controls for the 
plate padder switch S3 (above) and 
the grid band switch Si (below). The 
toggle switch below the meters is the 
mode switch S4 with the meter switch 
Ss to the left. Ventilating holes are 
drilled in the cover in the area above 
the tube. The output connector is on the 
left-hand wall of the shielding box, 


grid current or screen current. 

Forced-air ventilation is always advisable for 
a medium- or high-power amplifier if it is but- 
toned up tight to suppress TVI. A surplus 100 
c.f.m. blower does the job more than adequately. 


Construction 


The amplifier is built on a 13 X 17 X 4-inch 
aluminum chassis fastened to a standard 1234 X 
19-inch rack panel. The r.f. output portion is 
enclosed in a 12144 X 13 X 8%-inch box made of 
aluminum angle and sheet. The VR tubes, relay, 
blower and meters are mounted external to the 
box. 

The grid tank-circuit components are mounted 
underneath the chassis and are shielded with a 
5 X 7X 3-inch aluminum box. A standard 
chassis of these dimensions might be substituted. 
The bias and filament transformers are in a sec- 
ond box measuring 6 by 3 by 3 inches. This type 
of construction, together with the use of shielded 
wire for all power circuits, was followed to reduce 
TVI to a minimum. Hach wire was bypassed at 
both ends with 0.001-uf. ceramic disk capacitors, 
L4 can be adjusted to series resonate with the 
600-uuf. capacitor at the frequency of the most 
troublesome channel. A Bud low-pass filter com- 
pletes the TVI treatment. As a result, the ampli- 
fier is completely free of TVI on all channels 
even in most fringe areas. 


Adjustment 


In the pi network, the output capacitors are 
fixed. However, the adjustment of the network is 
similar to that of the more conventional arrange- 
ment using a variable portion of the output 
capacitance. The only difference is that the 
“fine” loading adjustment is done with the 
variable inductor. 

The inductor is fitted with a Groth turns 
counter, making it easy to return to the proper 
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Fig. 6-62—Circuit of the all-purpose 813 amplifier. 
capacitors not listed below should be ceramic. 
Resistances are in ohms. 


Unless otherwise designated, capacitances are in yf. 
Capacitors marked with polarity are electrolytic. Other 
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813 Amplifier 


Fig. 6-63—This view 
shows the placement of 
components on the chas- 
sis. The 813 socket is 
mounted on spacers 
over a large clearance 
hole in the chassis. The 
several mica output 
capacitors are assem- 
bled in a stack on a 
threaded rod fastened 
to the left-hand wall of 
the shielding box. The 
neutralizing capacitor 
and the 80-meter plate 
padder are to the right 
of the tank capacitor. 
To the right of the box 
are the five OA2s (the 
front one hidden), the 
screen overload relay 
and the VR90, the 
blower and meters. 


setting for each band. Until the settings for 
each band have been found, S3 should be turned 
so that all of the output capacitance is in circuit. 
The inductor should be set near maximum for 80, 
and approximately half maximum for 40. On the 
higher-frequency bands, the inductor should be 
set so that the circuit resonates with the tank 
sapacitor near minimum capacitance. Loading 
should increase as the output capacitance is de- 


Fig. 6-64—Bottom view of the 
all-purpose 813 amplifier. The 
grid tank-circuit components 
within dashed lines in Fig. 6-62 
are enclosed in the box atlower 
center. Input links are wound 
over ground ends of grid coils. 
Filament and bias transformers 
are in the second box. The 
large resistor to the left of the 
grid box is the screen resistor. 
The variable resistor in the 
upper left-hand corner is the 
relay shunt R4. The selenium 
bias rectifier is fastened against 
the left-hand wall of the chassis. 


creased. A change in output capacitance requires 
a readjustment of C4 for resonance. When the 
loading is near the desired point, final adjustment 
can be made by altering the inductance slightly. 

A 20-A or similar exciter is well suited as a 
driver for this amplifier on all modes. The 813 
runs cool at 500 watts input on c.w. and at a little 
over 500 watts p.e.p. on s.s.b. (Originally de- 
scribed in QST' for August, 1958.) 


193 


6 —- HIGH-FREQUENCY TRANSMITTERS 
One-Band Kilowatt Amplifiers 


Separate kilowatt amplifiers on each of the 
bands 80 through 10 meters has always been the 
ne plus ultra of transmitter construction. How- 
ever, space limitations and cost are the two key 
factors that have prevented many from realizing 
this goal. The amplifiers to be described are com- 
pact and are constructed economically; the 
builder may wish to construct one amplifier for 
his favorite band or the group of five for versatile 
all-band operation. Advantages of the separate- 
amplifier philosophy include optimum circuit Q 
for every band, simplified construction and band 
switching, less chance for tube failure because 
each amplifier is pretuned, and fast band chang- 
ing for the contest-minded. The supply voltages 
remain on all the amplifiers; only the filament 
and excitation power are switched to the desired 
final amplifier. 

The availability and proven dependability of 
the 813 make a pair of them the logical choice for 
the kilowatt amplifier. A shrewd amateur should 
have no trouble procuring the tubes through 
surplus channels or by bartering with local hams. 

Referring to the circuit diagram, Fig. 6-66, the 
amplifier control unit contains the filament, bias 


Fig. 6-65—Individual kilowatt amplifiers for two bands 
plus complete metering and all control circuits and power 
supplies (except plate) fit handily into a table rack. Am- 
plifiers for five bonds plus the plate supply will mount 
in floor rack. Band switch at lower left (Ss in Fig. 6-66) 
switches filament supply, excitation and output connec- 
tions to all amplifiers in use; screen and plate supplies are 
connected to all amplifiers at all times. 
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and screen supplies. A 3-position mode switch, So, 
selects the bias for either Class AB; or C opera- 
tion, and in the third position grounds the screen 
grids, to limit the plate current during initial 
tuning. Another 3-position switch, S,, allows the 
total or individual screen currents to be read. 
The latter position is useful in matching tubes. 
The high-voltage supply should furnish from 1750 
to 2250 volts. 


Construction 


Each amplifier is assembled on a 13 X 17-inch 
aluminum bottom plate. Two 5 X 13 X 3-inch 
aluminum chassis are used as the sides of the 
enclosure. The paint is removed from the back of 
a 7-inch aluminum rack panel, and a piece of 
Reynolds cane metal is sandwiched between the 
panel and the two chassis. A rectangular window 
in the panel provides additional ventilation and 
a means for inspecting the color of the tube plates. 
The top and back of the enclosure are formed 
from a single piece of cane metal, bent to fit the 
chassis rear and top. Three lengths of 1 X 1 X \%- 
inch aluminum angle stock are used in the corners 
of the enclosure, as can be seen in Figs. 6-68 
and 6-69. 

The variable tank capacitors, C4, are mounted 
on l-inch stand-off insulators, to bring the shafts 
to the proper panel height. In the 10-meter 
amplifier the capacitor shaft must remain above 
r.f. ground, and a suitable insulated shaft cou- 
pling is used. On the other bands, the rotors of 
the capacitors are grounded to the chassis 
through metal straps. 

On 20, 15 and 10 meters the tank coils are 
wound self-supporting of 14-inch diameter soft- 
drawn copper tubing, and they are supported by 
their leads. On 80 and 40 the coils are lengths of 
Air-Dux stock, and they are supported by small 
ceramic insulators. 

The special plate r.f. chokes, RFC2, are con- 
structed by close-winding No. 24 enameled wire 
on 34-inch diameter ceramic insulators. Four-inch 
long insulators (National GS-4) are used on the 
80- and 40-meter bands, and 2-inch long insulators 
(National GS-3) are used on the other bands. 
In each case the original base of the insulator 
is removed and the insulator is mounted on a 
standoff (Johnson 135-20). The high-voltage lead 
and the “cold” end of the choke are connected 
to a soldering lug mounted between the two in- 
sulators. 

Bridge neutralization is included in the 20-, 
15- and 10-meter amplifiers. The neutralizing 
capacitors are made from two 14-inch wide alumi- 
num strips 5 inches long. One strip is connected 
directly to the plate lead at C3 and the other is 
supported by a ceramic feed-through insulator 
that connects to the rotor of C,. The amplifiers are 
neutralized by adjusting the spacing between the 
aluminum strips. 

The metal ring surrounding the base of the 813 
should be grounded to the chassis. A piece of 
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Fig. 6-66—Circuit diagram of a single parallel-813s amplifier and the control section. Diagram of each 

amplifier is similar, except as noted below. Unless specified otherwise, copacitances are in pf., capaci- 
tors marked with polarity are electrolytic, fixed capacitors are ceramic, resistances are in ohms. 


115 V. 


C2—Not used on 80 or 40 meters; see text. 

Cs—Two 500-uuf. 20-kv. ceramic (Centralab TV-207) 
in parallel on 80 m.; single 500-upf. 20-kv. 
ceramic on other bands. 

C7—0.001-uf. 1-kv. ceramic on 80 and 40 m.; 240-uyf. 
silver mica on other bands. 

hi, lz, lh—115-v. pilot lamp. 

Ji, J2—Coaxial cable receptacle. 

Ki—S.p.d.t. relay, 115-v. a.c. coil. 

Ls, Ls—Not required on 80 or 40 m.; 6 turns No. 14 on 
Y-inch diam. 

Ri— 10,000 ohms, 2 watts, composition (not wirewound). 

R2—50,000 ohms, 4 watts (Mallory MSOMPK). 


RFC;— 2.5-mh. 75-ma. r.f. choke. 

RFC2—See text. 

RFC3—2.5-mh. 300-ma. r.f. choke. 

Si—Two-pole 3-position rotary switch, shorting type. 

S2—Two-pole 3-position rotary switch, non-shorting type. 

S3—S.p.s.t. lock switch (AHH 81715-L). 

Ss—Time delay relay (Amperite 115N060). 

S7—Heavy duty d.p.s.t. toggle. 

Ti—10-volt 10-ampere filament transformer (Thordarson 
21F19). 

Tz—250-volt 25-ma. transformer (Stancor PS-84 16). 

Ts—800-v.c.t. 200-ma., 5- and 6,.3-v. heater windings. 
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6 -HIGH-FREQUENCY TRANSMITTERS 


Fig. 6-67 —View of the 40-meter amplifier with its cane-metal covering removed. As in each amplifier, 
the chassis is made from two 5 X 13 X 3-inch chassis and a 13 X 17-inch base plate. 
Input and low-voltage leads make up to terminals and jack in center foreground. 


Eimac Finger Stock or a homemade contact can 
be used for the purpose. 

All power wiring is done with shielded wire and 
bypassed as described in Chapter Twenty-Three. 
The filament leads should be made from No. 14 
(or heavier) shielded wire. 

The screen and bias supplies plus station con- 
trol circuits are built on a rack-mounting chassis 
(Bud CB-1373) behind a 7-inch panel. In the 


Class-C position of Se, +400 volts is applied to 
the screens and —150 is connected to the grids, 
In the Class AB, position, the screen voltage is 
increased to 700 and the grid bias is dropped to a 
value determined by the setting of R». This latter 
setting should be one that gives best linearity 
without exceeding a no-signal plate input of 150 
watts for the two 813s; it depends on the plate 
voltage available. A heavy bleed on the screen 


Coil and Capacitor Table 


80 


40 


20 


GF 100 put. 
(Johnson 100L15) 


100 pu. 
(Johnson 100L15) 


50 pul. 
(Johnson 50L15) 


C 150 py. 
: (Johnson 150E45) 


150 pu. 
(Johnson 150E45) 


710 pf. 
(2-gang 365 pyf.) 


325 upf. 
(Hammarlund 
MC-325-M) 


35 pup. 
(Johnson 35H45) 


15 


50 puf. 
(Johnson 50115) 


35 ul. 
(Johnson 35E45) 


325 uuf. 
(Hammarlund 
MC-325-M) 


500 pf. 
(Centralab TV-207) 


100 uu. 
(CRL 850S-100N) 


At iN Ow22* 


Sats eNorw22* 


2 t. No. 22* 


325 up. 
(Hammarlund 
MC-325-M) 


10 


50 up. 
(Johnson 50L15) 


50 uf. 
(Hammarlund 
MC-50-MS) 


325 uu. 
(Hammarlund 
MC-325-M) 


1 t. No. 22* 


32 t.p.i. No. 24, 
1 inch long, 1 inch 


diam. (B&W 3016) 


6 t.p.i. No. 12, 


16 t.p.i. No. 20 


8 t.p.i. No. 18 


114 inch long, 1 inch | 13 inch long, 1 inch 


diam. (B&W 3015) 


diam. (B&W 3014) 


8 t.p.i. No. 18 
34 inch long, 1 inch 
diam. (B&W 3014) 


1 t. No. 22* 


8 t.p.i. No. 18 
¥% inch long, 1 inch 
diam. (B&W 3014) 


AAs Dili NO; Lo; 


2 t.p.i. 4-inch 


2 t.p.i. 4-inch 


2 t.p.i. 44-inch 


3 inch long, 3 inch 
diam. (Air Dux 
2406) 


334 inch long, 2144 
inch diam. (Air 
Dux 2004) 


copper tubing, 2 inch 
long, 2% i.d. C4 tap 
2 turns. 


copper tubing, 3 
inch long, 2% i.d. 


copper tubing, 44% 
inch long, 2% i.d. 


* Insulated hookup wire, wound over C7 end of Lz. 
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One-Band Kilowatts 


supply helps the regulation. when the plate supply is turned on; when the re- 

The unit shown in Fig. 6-65 uses an Ohmite lay is open a high bias is applied to the 813s to 
Model 111 switch at Sg. This is ganged with an- reduce the plate current to 0 ma. amd.eliminate 
tenna and excitation switches to permit one- the receiver noise often caused by static plate 
control bandswitching. The relay K, is actuated current. 


~ 


Fig. 6-68—Top view of the 15-meter amplifier. The neutralizing capacitor consists of two 
strips of aluminum, supported by the plate-blocking capacitor and a feedthrough 
insulator. It is mounted over the r.f. choke between the two 813 tubes. 


Fig. 6-69—As in the other amplifiers, the 10-meter final uses shielded wires in the filament, screen, 
and grid-return circuits. For tuning this amplifier uses a small variable capacitor 
connected across half of the plate coil, to maintain a favorable L/C ratio. 
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6—HIGH-FREQUENCY TRANSMITTERS 
: A Grounded-Grid Half Kilowatt ae Rapete 


The amplifier shown in Figs. 6-70, 6-72 and 
6-73 will run at about 500 watts input on c.w. — 
or p.e.p. input as an s.s.b. linear — on all bands 
from 80 through 10 meters. The unit is small 
enough to sit on the operating table right along 
with the rest of the station equipment; no need 
for big racks here. 

Using a pair of 811As in parallel in the 
grounded-grid circuit, this rig is a good one to 
use following transmitters such as the Viking 
Ranger, DX-40, Globe Scout, and others of 
similar power class, for a worth-while increase in 
power output on ¢c.w. As a linear amplifier fol- 
lowing an s.s.b. exciter it requires no swamping 
because the 811A grids provide a fairly constant 
load in themselves, and also the fed-through 
power with grounded-grid presents an additional 
constant load to the driver. The total driving 
power needed on any band is less than 20 watts. 

An additional useful feature is a built-in direc- 
tional coupler using a version of the “Mickey 
Match.’’ Besides its obvious application for 
checking the s.w.r. on the transmission line to the 
antenna or for help in tuning up a coax-coupled 
antenna coupler, it is practically indispensable 
as an indicator of relative power output in tuning 
the amplifier. 


The Circuit 


A number of tube types could be used in an 
amplifier of this power class, but the 811As are 
a good choice because they. do not need a bias 
supply and are not expensive. (Surplus 811s can 
be used if you don’t want to buy new tubes; the 
ratings are not quite as high but they can be 
pushed a bit in intermittent service such as c.w. 
and s.s.b.) 

The complete circuit is shown in Fig. 6-71. To 
save trouble and work, standard components 
are used throughout — the only special construc- 
tion is the shielding and a few simple r.f. chokes. 
The tube filaments are driven directly from coax 
input from the driver; no tuning is used or is 
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needed in this circuit. The filaments are kept 
above ground by the B & W type FC15 filament 
choke. 

The plate tank is the familiar pi network, using 
a B & W type 851 tapped coil and band-switch 
assembly. This assembly has been modified 
slightly in two respects: First, the copper-strip 
10-meter coil normally mounted at the top of the 
rear plate is taken off and moved so that it is 
supported between the tank assembly and the 
stator of the tank tuning capacitor as shown in 
Fig. 6-72. A short length of copper strip is bolted 
between the free end of the coil and the right- 
hand stator connection of the tuning capacitor, 
to support the free end. This change is made 
in order to avoid the long lead that would have 
to be run from the capacitor to the regular input 
terminal on the tank assembly, since this terminal 
is at the right-hand side of the assembly as 
viewed from the top. The turns of the 10-meter 
coil are also squeezed together a bit to increase 
the inductance, because it was found that a 
rather large amount of capacitance had to be 
used to tune the circuit to the band with the 
coil at its original length. The length is now 154 
inches between mounting holes. 

The second modification is the addition of a 
pair of switch contacts on the rear switch plate 
of the tank assembly. There is an extra position 
on this plate with holes already provided for con- 
tacts, and the additional set of contacts is used 
to switch in fixed output loading capacitance on 
80 meters, where a large output capacitance is 
needed. The variable loading capacitor, C3, with 
the five fixed mica capacitors, C; to C9 inclusive, 
give continuous variation of capacitance up to 
1275 wuf. on all bands, including the regular 
switch position for the 80-meter band. However, 
if the switch is turned to the extra position an 
additional 1000-uuf. mica capacitor is connected 
in parallel, so that continuous variation of 
capacitance to over 2200 puf. is possible on 80. 
This takes care of cases where the load resistance 


Fig. 6-70—This amplifier operates at a 
plate input of approximately 500 
watts, uses a pair of 811As in 
grounded-grid, and is complete with 
power supply on a 13 X 17 X 4- 
inch chassis. The rack panel is 10Y% by 
19 inches. Front-panel controls include 
the plate tuning capacitor and band 
switch in the center, filament and plate 
power switches with their pilot lights at 
the lower left, sensitivity control and 
forward-reflected power switch for 
the directional coupler at the lower 
right, variable loading capacitor and 
auxiliary loading-capacitor switch un- 
derneath the O-1 milliammeter at the 
right, and the grid-cathode milliam- 
meter with its switch at the upper left. 
The filter choke, 866As and plate 
transformer occupy the rear 
section of the chassis. 


Grounded-Grid Half Kilowatt 


happens to be unusually low or reactive.! 

A 500-ma. d.c. meter is used for reading either 
total cathode current or grid current alone. The 
cathode current is read in preference to plate 


1These contacts can be obtained directly from the manu- 
facturer of the tank assembly. To secure a set of contacts 
with mounting hardware, send one dollar tc Barker & Wil- 
liamson, Beaver Dam and Canal, Bristol, Penna., specifying 
the type of tank assembly for which they are wanted. The 
contacts are not catalog items and are not available through 
dealers. 


AMPLIFIER 


current because of safety considerations. Putting 
the meter in the hot d.c. plate lead leaves nothing 
but a little plastic insulation between the high 
voltage and the meter adjusting screw. It is a 
bit of a nuisance to have to subtract the grid 
current from the cathode current in order to find 
the plate current, but it isn’t serious. The d.c. 
grid circuit has a jack, J3, for introducing external 
bias either for blocked-grid keying or for cutting 


DECIMAL VALUES OF CAPACITANCE ARE INWf.; 
OTHERS ARE IN wwf. EXCEPT AS INDICATED. 


DIR. COUR 


POWER SUPPLY 


866A 


,O1 Ol J4 
RFC7 a8) 

115 V. 115V. 

FILS. PLATE 


Fig. 6-71 — Circuit diagram of the parallel-811A grounded-grid amplifier. Unless otherwise specified, fixed capacitors?, 


are disk ceramic, 600-volt rating. 


Ci— 500 ppf., 20,000 volts (TV ‘‘doorknob” type). 

Co—250-puyf. variable, 2000 volts (Johnson 250E20). 

C3—325-uuf. variable, receiving type (Hammarlund) 
MC-325-M). 

C4-Cg, inc.— 1 200-volt mica, case style CM-4 5. 

11, l2—6.3-volt dial lamp, 150-ma. (No. 47). 

Ji, J2—Coax connector, chassis mounting. 

Jz3—Closed-circuit phone jack. 

Js, Js—115-volt male connector, chassis mounting (Am- 
phenol 61-M1). 

Li, Le, Sz—5-band pi-network coil-switch assembly; see 
text (B & W 851). 

Ls—Swinging choke, 4-20 henrys, 300 ma. (UTC S-34). 

La—Section of coax line with extra conductor inserted; 
see measurements chapter for construction refer- 
ences. 

M1, Mz—Milliammeter, 32-inch plastic case (Triplett 
327-PL). 

Ri—20;000-ohm composition control, linear taper. 

RFC; —Filament-choke assembly, to carry 8 amp. (B & W 
FCTS)}. 


RFC2, RFG3—2 wh. (National R-60). 

RFCs—90 wuh.; 4%-inch winding of No. 26, 40 t.p.i., on 
¥%4-inch ceramic form (B & W 800). 

RFC5—2.5 mh., any type. 

RFCe—-RFCg, Incl—18 turns No. 14 enam., close-wound, 
Ya-inch diam., self-supporting. 

$i—4-pole 2-position rotary, nonshorting (Mallory 3242J 
or Centralab 1450). 

S2—Part of tank assembly; see Li Lo. 

Ss—Miniature ceramic rotary, 1 section, 1 pole, 6 posi- 
tions used, progressive shorting (Centralab 2042). 

S$1—Miniature ceramic rotary, 1 section, 2 poles, 2 posi- 
tions used, nonshorting (Centralab 2003). 

Ss, Se—S.p.s.t. toggle. 

Ti—Filament transformer, 6.3 volts, 8 amp. min. (UTC 
S-61). 

T2—Filament transformer, 2.5 volts, 10 amp. (UTC S-57). 

T3—Plate transformer, 3000 volts center-tapped, 300 ma. 
d.c. (UTC S-47). 

Z1, Z2a—22 t. No. 16 Ya-inch diam., over 100-ohm 2-watt 
carbon resistor. 
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6 - HIGH-FREQUENCY TRANSMITTERS 


off the plate current during receiving, and a four- 
pole switch, S,, 1s therefore needed for handling 
the meter switching while keeping all circuits 
functioning normally. 

The power supply uses 866As with a plate 
transformer giving 1500 volts each side of the 
center tap, and working into a single-section 
choke-input filter. The filter capacitor consists of 
four 80-yf. electrolytics connected in series to 
handle the voltage, giving an effective filter 
capacitance of 20 uf. This supply is running well 
below its capabilities in the intermittent type of 
operation represented by c.w. and s.s.b., and the 
amplifier is somewhat ‘‘over-powered”’ in this 
respect. A lighter plate transformer can be used 
since the average current in regular operation is 
only about half the maximum tube rating of 350 
ma. for the pair. 

The a.c. inputs to both filaments and plates 
have TVI filters installed right at the a.c. con- 
nectors. The chokes in these filters, RFCs. to 
RFC, inclusive, are homemade by winding 18 
turns of No. 14 enameled wire close-wound on a 
half-inch dowel or drill. 


Construction 


The only space available for the filament trans- 
formers is below chassis, so these are mounted on 
the front wall of the chassis as shown in Fig. 6-73. 
There is plenty of room for all other power-supply 
parts below chassis, and the photographs make 
any further comment on this section unnecessary. 

The r.f. layout shown in Fig. 6-72 is almost 
an exact copy of the circuit layout as given in 
Fig. 6-71. The plate blocking capacitor, C1, is 
mounted on a small right-angle bracket fastened 
to the left-hand stator connection of. the tank 
capacitor, Cy. The tube plates are connected to 
C; through individual parasitic-suppressor as- 
semblies, Z; and Z». The hot end of the plate 
choke, RFC,, also connects to this same point. 
The tank capacitor is mounted on 34-inch ceramic 
pillars to bring its shaft to the same height as the 
switch shaft on the tank-coil assembly. The 
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capacitor is grounded by connecting the bottom 
of its frame through a half-inch wide strip of 
aluminum to essentially the same point at which 
the plate-choke bypass capacitor, a 0.001-yf. 
2000-volt disk, is grounded. The ground end of 
the aluminum strip actually is under the bottom 
of the plate choke, and the ground lug for the 
bypass capacitor is just to the left. This strip, 
plus short leads in the circuit from the tube plates 
through the tank capacitor to ground, keep the 
resonant frequency of the loop thus formed well 
up in the v.h.f. region; this is important because 
it permits using low-inductance parasitic chokes 
in shunt with the suppressor resistors, and thus 
tends to keep the r.f. plate current at the regular 
operating frequencies out of the resistors. With 
other tank grounding arrangements originally 
tried, larger parasitic chokes had to be used and 
it was impossible to prevent the resistors from 
burning up when operating on 10, 15 and even 20 
meters. Now they do not overheat on any fre- 
quency, and v.h.f. parasitics are nonexistent — 
although without the suppressors the parasitics 
are only too much in evidence. 

The output loading capacitors, C3 through 
C9, are mounted toward the rear so the leads 
from the tank coil can be kept as short as possible. 
A length of copper strip is used between the coil 
and the stator of C3; originally this lead was No. 
14 wire but on 10 meters the tank current was 
enough to heat it to the point of discoloration. 
The ground lead from the fixed units, made to the 
rear bearing connection of C3, is also copper 
strip. C3 and S3 are operated through extension 
shafts, using Millen flexible couplings to simplify 
the alignment problem. 

Underneath the chassis, each 811A grid is 
bypassed directly to the socket-mounting screw 
nearest the plate choke (right-hand side of the 
socket in Fig. 6-73). The d.c. leads have small 
chokes, RFC. and RFC3, with additional bypasses 
for good r.f. filtering, particularly at v.h.f. since 
grid rectification generates harmonics in the 
TV bands. The filament choke, RFC), is mounted 


Fig. 6-72—The r.f. section 
with the shield cover removed. 
Components here are readily 
identifiable by reference to 
the circuit diagram. The meters 
are enclosed in rectangular 
boxes made from thin alumi- 
num sheet, formed to be fas- 
tened by the meter mounting 
screws. The back covers on 
these boxes are made from 
perforated aluminum, folded 
over at the edges and held on 
the boxes by sheet-metal 
screws. The switch for shifting 
the 0-500 milliammeter (left) 
from grid to cathode is con- 
cealed by the box which 
encloses the meter. 


Grounded-Grid Half Kilowatt 


so that the filament side is close to the filament 
terminals on the tube sockets; the other end is 
bypassed directly to the chassis. 

The shielding around the amplifier consists of 
two pieces of sheet aluminum and a perforated 
aluminum (‘‘do-it-yourself’’ type) cover having 
the shape of an inverted U. Fig. 6-72 shows how 
the rear wall is made. Its edges are bent to pro- 
vide flanges for fastening the cover with sheet- 
metal screws, and there is a similar flange pro- 
jecting to the rear at the bottom for fastening 
the wall to the chassis. The front piece extends 
the full height of the panel and is identically 
drilled and cut out for meters and controls. It has 
flanges at the top and extending down the sides 
from the top to the chassis. The cover itself ex- 
tends down over the sides of the chassis for about 
one inch. Numerous screws are used for fastening 
the cover, to prevent leakage of harmonics. 

The shields over the meters are made as de- 
scribed in the caption for the inside top view. 
Meter leads are bypassed to the shield boxes 
where they emerge. 

Construction of the directional coupler par- 
allels that given for the antenna coupler in 
Chapter Thirteen. 


Operating Conditions and Tuning 


~The voltage delivered by the power supply is 
approximately 1500 volts with no drive and with 
the tubes taking only the no-bias static plate 
current, which is about 60 ma. At the full load of 
350 ma. the voltage is slightly under 1400. Op- 
timum operating conditions for 1400 volts at 350 
ma. peak-envelope power input as an s.s.b. linear 
call for a peak-envelope grid current of 60 ma. 
The peak-envelope tube power output is close to 
300 watts under these conditions. The same oper- 
ating conditions are also about optimum for c.w. 

The behavior of the cathode current when 


Fig. 6-73—In this be- 
low-chassis view, the 
two filament transform- 
ers are at the top, 
mounted on the chassis 
wall. The 811A sockets 
are at the upper left. 
The rectangular box on 
the left-hand wall con- 
tains the FC1 5 filament- 
choke assembly. The 
"Mickey Match’ direc- 
tional coupler is at the 
upper right. Filter ca- 
pacitors and the bleeder 
resistors are in the 
lower section. A.c. in- 
lets, fuse holder, bias 
jack, and the 115-volt 
line TVI filters are on 
the bottom chassis wall. 


tuning a grounded-grid triode amplifier is some- 
what confusing, and the meter is principally 
useful as a check on operating conditions rather 
than as a tuning indicator. The best indicator of 
proper tuning of the plate tank capacitor is the 
forward-power reading of the directional coupler. 
For any trial setting of the loading controls and 
driving power, always set the plate tank capacitor 
control at the point which results in a maximum 
reading on the power-output indicator. 

The power indications are only relative, of 
course, and the sensitivity control should be set 
to give a reading in the upper half of the scale of 
the meter. ; 

The objective in adjusting loading and drive 
is to arrive at maximum power output simul- 
taneously with a plate current of 350 ma. and a 
grid current of 60 ma. — that is, a total cathode 
current of 410 ma. when the grid current reading 
is 60 ma. The loading is critical. If the amplifier 
is not loaded heavily enough the grid current 
will be too high and the right value of total 
cathode current either will not be reached or, if 
reached, the amplifier will be operating in the 
“flattening’’ region as an s.s.b. linear. (It can be 
operated this way on c.w., however, since lin- 
earity is unimportant here.) If the loading is 
too heavy, the grid current will be low when the 
eathode current reaches the proper value, but 
the efficiency will be low and the tubes will over- 
heat. 

Getting the knack of it takes a little practice, 
but when the job is done right the tubes will 
run cool on all bands in regular operation. Run- 
ning key-down over a period of time may show 
just a trace of dark red color on the plates since 
the input and dissipation are somewhat over 
ratings under these operating conditions, al- 
though perfectly satisfactory with ordinary key- 
ing or s.8.b. voice. 
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ok Kilowatt Grounded-Grid Amplifier - 


The amplifier shown in Figs. 6-74, 6-76 and 
6-77 is built around the Penta PL-6580, a high-u 
triode designed especially for grounded-grid 
Class-B r.f. amplifier service. With a plate voltage 
of from 3000 to 4000, from 700 to 900 watts p.e.p. 
output can be obtained with about 75 watts 
driving power. A stabilized bias supply is included 
that will provide the correct bias for any operat- 
ing plate voltage between 2500 and 4000. 

Referring to the circuit diagram, Fig. 6-75, the 
cathode (filament) is maintained above ground 
by the filament chokes RFC; and RFCo. An L 
network, tuned by Cj, provides voltage step-up to 
the cathode. On 80 meters the capacitor C, 
together with fixed capacitor C2, tunes the fila- 
ment chokes. On the other bands the fixed 
capacitor is removed and the proper inductance 
is shunted across the chokes. 

To insure good r.f. grounding of the grid, three 
0.001-uf. disk ceramic capacitors are used be- 
tween the grid pins and the chassis. The bias 
supply uses a high-current low-u 6080 twin 
triode to stabilize the bias, in conjunction with 
the 6AU6 control tube and the OA2 voltage- 
reference tubes. The bias voltage is set by the 
position of the arm of A. 

The plate circuit of the amplifier departs from 
more conventional practice in several ways. The 
output capacitance in the 80-meter condition is 
relatively small; this is a result of using a low 
capacitance at C3, which in turn lowers the circuit 
@ and requires a lower output capacitance for 
proper loading. If a low plate voltage (2500) is 
to be used; it would be better to increase the 
capacitance value of C3 and the capacitance 
switched across the output on 80 meters. On all 
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of the other frequency ranges the capacranens 
are more in line with normal Q values. On 15 
and 10 meters Sep shorts part of Z4, to break up 
a resonance in the unused coil. 

Although the PL-6580 requires 5 volts on the 
filament, a 6.3-volt filament transformer is used. 
The resistance of RFC, and RFC¢ is sufficient to 
drop the voltage to the correct value. The 6080 
regulator and the 6X4 rectifier heaters are also 
connected to the filament transformer, 7’. 


Construction 


Referring to Figs. 6-76 and 6-77, the amplifier 
is built on a 12 X 17 X 38-inch chassis, with a 
standard 104 xX 19-inch relay rack panel. 
Aluminum angle stock is used to form a frame- 
work for the perforated-metal sides (not shown 
in the photographs). To cool the PL-6580, a 
blower is mounted on the chassis so that the air 
is pulled in through a perforated-metal side and 
blown down under the chassis. The chassis, 
sealed off with an aluminum bottom plate, can 
only exhaust the air past the tube and, to facili- 
tate this, the tube socket is mounted in a 3%- 
inch-diameter hole. The combination of the large 
hole, the ventilated socket (Johnson 122-275) 
and the glass chimney (Penta PL-C1) gives suf- 
ficient cooling with any blower of 50 ¢.f.m. or 
greater capacity. 

The plate-circuit band switch, S2, is mounted 
on the chassis and controlled via a right-angle 
drive. Leads from the switch to Lg and Lg are 
best made with copper tubing or strap. Various 
500-uuf. 5-kv. capacitors in the plate and output 
circuit are high-voltage ceramic (Centralab 
8588-500), mounted on the tuning capacitors or 


Fig.6-74—A grounded 
grid amplifier using 
the PL-6580 triode. 
Able to handle a kilo- 
watt p.e.p. input with 
3000 volts on the 
plate, and even more 
with a higher plate 
voltage, a chimney 
surrounds the tube to 
improve the forced 
ventilation. In this 
view the side and top 
cane-metal panels 
have been removed, 


Grounded-Grid Kilowatt 


AMPLIFIER 
PL-6580 


SK MICA 


.003 
NO 500 aS 


HSV. 


Fig. 6-75—Circuit diagram of the kilowatt grounded-grid linear amplifier. Unless indicated otherwise, capacitances 
are in pf., resistances are in ohms, resistors are Y2 watt. Capacitors marked with polarity are electrolytic, capacitors 
marked * are mica. 


B:—Ventilating blower, at least 50 c.f.m. (surplus). 

Ci—200-upf. variable (Johnson 200L1 5). 

Co—200-ppf. variable, locked at full capacitance (John- 
son 200L15). 


C3s—100-yuf. variable, 0.175-inch spacing (Johnson 
100D70). 

C1—350-uuf. variable, 0.075-inch spacing (Johnson 
350E30). 

Cs, Ce—0.1-uf. feedthrough capacitor, 600 volts (Sprague 
80P3). 


Ji, J2a—SO-239 coaxial jack. 

Li—20'2 turns No. 18, 8 t.p.i., 1-inch diam. Tapped at 
22, 4¥2 and 92 turns from ground end (B&W 
3014). 

Lo—5 turns No. 12, % diam., 1% long, wound around (but 
not touching) 10-ohm 25-watt resistor. 

Ls—13%4 turns %6-inch copper tubing, 412 t.p.i., 12 inch 

on metal straps. 

While meters with integral metal shields (Phao- 
stron Co., Pasadena, Calif.) are shown in Fig. 
6-76, an alternative is to use regular meters and 
small aluminum boxes, as described in Chapter 23. 


Adjustment 


The bias voltage should be set, with fy, to give 
a no-signal plate input of 150 to 160 watts. This 
will require from about —50 volts with 2500 on 


i.d., silver plated. Tapped at 4% and 7% turns 
from plate end. 

La—19¥2 turns No. 12, 6 t.p.i., 3 inch diam., 40-meter tap 
82 turns from plate end, anti-resonance tap 3 
turns from plate end (Illumitronic 2406). 

RFC;, RFC2—34 turns No. 14 enam., closewound on same 

1% diam. phenolic tubing. 

RFC3—2-mh. 400-ma. r.f. choke (Miller 4550). 

RFC4—225-yh. r.f. choke, 800-ma. (National R-175A). 

RFC;—28 turns No. 20, 16 t.p.i., ¥ diam. (B&W 3007). 

$1—5-position single-pole rotary ceramic, non-shorting 
(Centralab 2550). 

S2—5-position 2-pole rotary ceramic (two sections Com- 
munications Products Model 88). 

Ti—6.3 v., 20-amp. filament transformer (Triad F-22A) 

T2—650  v.c.t., 40-ma. power transformer (Stancor 
PC-8406, 5-v. secondary not used). 


the plate to —100 with 4000 on the plate. The 
maximum-signal grid current, as indicated on the 
0-150 milliammeter, should be about 95 ma. for 
the low plate voltage to 65 ma. for the 4000 
volts. Under this condition, the amplifier should 
be capable of being loaded to a plate current of 
350 ma. at the low plate voltage to 300 ma. for 
the upper limit. As mentioned earlier, if only 
2500 volts is available for the plate, it is advisable 
to increase the capacitances at C3 and the output, 
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for full loading on 80 meters. some kind. The description of the lower-powered 
As with any grounded-grid amplifier, it is grounded-grid amplifier, earlier in this chapter, 
desirable to tune up with an output indicator of carries more detail on the tune-up procedure. 


Fig. 6-76—Another view of the grounded-grid amplifier, showing the large switch used in the plate circuit. Tubes 
visible in the upper right are used in a regulated grid-bias supply. Metal shields on the two panel meters minimize 
radiation. 

High voltage for the plate is brought to the jack on the stand-off insulator at the lower right; the a.c. line is connected 
to the filter terminals to the right of the insulator. 


Fig. 6-77—A view under the chassis shows the filament choke between the two variable capacitors, with the input tuning 
coil mounted on the input band switch. The small shield compartment at the top surrounds a filter in the B+ lead. 

Air from the blower is forced through the hole at the upper right, and it finds its way past the socket and up the 
chimney as a result of the cut-out area around the socket. The three grid connections on the socket are connected together 
by a copper strap and bypassed to chassis at three places. An r.f. choke in the grid lead mounts on the socket. 

A right-angle drive (National RAD) turns the large band switch mounted above the chassis. 
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A Kilowatt Amplifier 


A Kilowatt 4-400A Amplifier 


Any transmitter delivering about ten watts 
will drive the amplifier shown in Figs. 6-78 
through 6-83. When used as a Class AB, linear 
for sideband, a peak driving voltage of about 
150 is required. The plate tank circuit of the 
amplifier is homemade from readily available 
parts. 

Referring to Fig. 6-79, the amplifier uses the 
conventional neutralized grounded-cathode am- 
plifier circuit. Switch S;p shorts out the unused 
part of grid coil Le, and 8,4 modifies the input 
link coupling. A Harrington Electronics GP-20L 
subassembly is shown, but an equivalent circuit 
can be built from standard parts. The output 
circuit is a shunt-fed pi network for the amateur 
bands 3.5 to 30 Mc. The smaller tuning capacitor, 
C10, 1s used on 20, 15 and 10 meters, and the 
larger Cy; is added for tuning on 40 and 80 meters. 
Having two tuning capacitors allows the opti- 
mum L/C ratio to be maintained on all bands 
without resorting to an expensive vacuum 
variable. 

A 17-c.f.m. blower supplies adequate forced air 
cooling for the 4-400A base and plate seals. The 
blower is connected across the 4-400A filament 
transformer primary and operates whenever the 
filament is energized. 

All required control and metering circuits are 
mounted on a separate chassis. Meters are pro- 
vided for amplifier grid current, screen current, 
cathode current and plate voltage, to comply 
with the FCC rule regarding measurement of 
input powers over 900 watts. 

The amplifier is fixed biased at —225 volts for 
Class C and —150 volts for Class AB; operation. 
The full-wave rectifiers in the bias supply are 
silicon diodes, with no warm-up time, and full 
operating bias is applied as soon as the power 
switch, S¢, is closed. Time-delay relay Ay oper- 
ates Ke, which is in series with the screen supply 
primary. Thus there is a 60-second delay before 
screen potential can be applied to the amplifier 
tube. 

The accessory a.c. socket, Js, and the high- 
voltage filament transformer socket, J 9, are 
energized as soon as power switch Sj is closed. 
The h.v. plate transformer is turned on by a 
relay plugged into J19 and controlled by the time- 
delay relay. With this arrangement, it is impos- 
sible to apply a.c. to the h.v. rectifier plates 
before their filaments have had a chance to 
warm up. 

A variable autotransformer in series with the 
screen-supply primary allows the screen voltage 
to be adjusted from zero to about 800 volts under 
load. This makes a convenient arrangement for 
setting the screen voltage when changing from 
Class C to Class AB, or vice versa, and for ad- 
justing the power input of the amplifier. 

A screen overload protection circuit is in- 
cluded. If excessive screen current flows, Kg is 


energized and is kept energized by the current 
through Ks. To reset the relay the screen voltage 
must be momentarily disconnected so that the 
relay will return to its unenergized condition. 
This can be done by opening 87. The current at 
which the overload relay throws is set with shunt 
resistor #7; maximum allowable screen dissipa- 
tion is 35 watts. 


Construction 


The amplifier is built on a 4 X 13 X 17-inch 
chassis and uses a 14-inch rack panel. All major 
components are visible in the photographs. The 
Harrington grid circuit, output loading capacitors 
and switch, and filament transformer are all below 
the chassis. 

An insulated coupling must be used between 
the rotor of C; and the shaft going to the grid 
tuning knob. Leads from the grid circuit are 
brought out through the 3 X 5-inch aluminum 
back plate via a feed-through capacitor and 
bushings. The input link is connected to the coax 
receptacle through a length of RG-58/U. The 
flanged cover of a 5 X 4 X 3-inch Minibox is 
slipped over the grid assembly, and this cover is 
secured to the back plate with four self-tapping 
screws and to the main chassis with four 6-32 
spade bolts. 

The ganged loading capacitors (Ci2) are 
mounted off the chassis on l-inch spacers. Con- 
nections in the output circuit are made with 


Fig. 6-78—The kilowatt 4-400A amplifier and its control 
unit are mounted in a 21-inch gray hammertone rack 
cabinet (Bud CR-1727). Shelf brackets (Bud SA-1350) 
are mounted on both sides of the cabinet to hold the 
amplifier chassis. Below the meters, from left to. right: 
filament pilot light, key-type a.c. switch, Class AB: /C bias 
switch, screen autotransformer, plate switch 
and plate pilot light. 
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Fig. 6-79—Circuit diagram of the 4-400A amplifier (above the dashed line) and power supply /control unit. Resistances 
are in ohms, and resistors are Y2-watt unless otherwise indicated. Capacitors not listed are 600-volt 
disk ceramic except for those marked with polarity, which are electrolytic, 
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A Kilowatt 4-400A Amplifier 


copper or brass strapping to provide low-induct- 


ance leads. 

The blower is mounted on the rear apron of 
the chassis by four 6-32 spade lugs attached to 
the walls of the blower output housing. A 1144 xX 
11-inch hole cut in the rear apron of the chassis 
accommodates the blower; a cork gasket is used 
between the plastic blower housing and_ the 
amplifier chassis. 

The chassis should be as airtight as possible to 
provide maximum air flow to the 4-400A tube, 
and any small holes should be sealed by covering 
them with tape. 


Plate Tank and Enclosure 


The plate tank coil, Zs, band switch, S3, and 
plate tuning capacitor switch, Se, are mounted 
on two Lucite plates in the center of the chassis. 
The tank coil comes prewound on one Lucite 
plate which is positioned 31% inches above the 
chassis on ceramic spacers. Hard rubber washers 
(the type used for packing faucets) are inserted 
between the ceramic spacers and the Lucite 
plates to provide a tight fit. 

Counting from the blocking capacitor end, the 
plate coil is tapped at 4 turns (0.4 wh.) for 10 
meters; 7.5 turns (1 wh.) for 15 meters; 10.5 turns 
(2.33 wh.) for 20 meters, 14 turns (5.2 wh.) for 40 
meters, and 24 turns (16.4 wh.) for 80 meters. 
(All the figures include the 4-turn coil made of 
3g-inch strap.) The lugs provided with the tank 
coil assembly should be securely soldered to the 


B;—Blower-motor assembly, 17 c.f.m. (Ripley, Inc., Mid- 
dletown, Conn., type 8433). 

Ci—140-ypf. midget variable (Hammarlund APC-140-B). 
Part of Harrington Electronics GP-20L. 

Co—10.6-uyf. neutralizing (Johnson N250). 

C3—500-volt mica. 

C4—0.001-yf. feed-through (Centralab FT-1000). 

Cs, Ce, Ciz, Cis—O.001-uf., 3000-volt disk ceramic 
(Centralab DD30-120). 

7, Cs, Co—500-pupf., 20,000-volt ceramic (Centralab 

TV-207). 

Cio—30-uuf. variable, 0.25-inch spacing (Barker & 
Williamson CX-30C butterfly, one section used). 

Ci—150-uuf. variable, 0.25-inch spacing (Johnson 
150D90). 

Cio—650-upf. variable (two Hammarlund MC-325M 
ganged and paralleled). 

Ci3, C14, Cis —2500-volt mica (Aerovox 1652L). 

Cig —200-volt molded paper. 

CRi, CRe—500-ma. 600-volt peak inverse silicon diode 
(Sarkes Tarzian F-6). 

Ji, J2—Coaxial receptacle, chassis mounting (SO-239). 

J3, Js—2-contact socket (Cinch-Jones $-202-B). 

J4, JIs—115-volt plug, chassis mounting (Amphenol 61-M1). 

Jz-Jio, inc.—115-volt socket (Amphenol 61-F1). 

K:—115-volt 60-second time-delay relay, normally open 
(Amperite 115N060). 

Ko—S.p.d.t. relay, 115-volt a.c. coil (Potter & Brumfield 
KASAY). 

K3—S.p.d.t. relay, 2500-ohm 7.2-ma. coil (Advance 
GHE/1C/2500). 

Ll: —3% turns No. 18 insulated wire on cold end of Lo; 
tapped 2 turns from ground end. 

l2—50 turns No. 24 tinned, 1% inches long on %-inch 
diam. ceramic form; tapped 5, 8, 13 and 25 


Fig. 6-80—This view of the amplifier shows the band- 
switch trap door, air-exhaust port and hole for adjust- 
ing neutralization, all in the top of the shielding enclo- 
sure. The large knob on the left of the panel is for the 
20/15/10-meter plate tuning capacitor, and the match- 
ing knob adjusts the capacitor used on 80 and 40. Farther 
down, from left to right: grid band switch, grid tuning 
control, variable loading adjustment and loading switch, 


coil at these points. Strapping should then be 
run from these taps to the appropriate band- 
switch terminals. It shou'd be noted that the 
band-switch termina's do not progress in con- 
secutive order, but are arranged to provide the 


turns from grid end. (Part of Harrington GP-20L). 

Ls—3 turns No. 10 tinned, ¥%-inch diam., 1 inch long, 
mounted on Ri. 

La—Pi-network coil assembly (Air Dux 195-2 available 
from Illumitronics Engineering, Sunnyvale, Calif.); 
see text. 

P;—2-contact plug (Cinch-Jones P-202-CCT). 

Ri—50-ohm 5-watt noninductive wire-wound (Sprague 
5KT). 

Re, Rr—10-watt adjustable. 

Ro—200-watt adjustable; set tap at midpoint. 

RFC;—10-mh. r.f. choke (National R-50-I). 

RFC2—120-yh. plate r.f. choke (Raypar RL-101). 

RFC3—4-wh. r.f. choke (National R-60). 

RFCs—2.5 mh. r.f. choke (National R-50). 

$i—Miniature ceramic rotary, 2 poles, 6 positions, 1 sec- 
tion, shorting, 5 positions used (Centralab PA- 
2002). Part of GP-20L. 

S2, Ss—Homemade, see text and Fig. 6-82. 

S1—Ceramic rotary, 9 positions, 1 section, progressively 
shorting, 4 positions used (Centralab PISD sec- 
tion and P-270 index assembly). 

Ss—S.p.d.t. microswitch (Unimax 2HBW-1). 

Se—S.p.s.t. lock switch (Arrow-Hart & Hegeman 8171 5-L). 

S7—S.p.s.t. toggle. 

T:—Filament transformer, 5.2 volts c.t., 24 amp. (Triad 


F-11U). 

T2—Power transformer, 460 volts c.t., 50 ma. (Stanco 
PC-8418). 

T;—Filament transformer, 5 volts c.t., 3 amp. (Thordarson 
21F03). 


T1— Power transformer, 1200 volts c.t., 200 ma. (Thordar- 
son 22R36). 

Ts—Variable autotransformer, 0-132 volts, 1.75 amp. 
(Superior 10B). 
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shortest possible lead lengths. 

Be sure no iron or steel hardware is used in the 
band-switch assembly, or for that matter, any- 
where in the plate tank circuitry of the amplifier. 
Each piece of hardware should be checked first 
with a magnet to insure that it is neither iron nor 
steel before being used in the plate circuit. 

In order to get to the band switch and capacitor 
switch, a trap door is provided in the top of the 
enclosure. Microswitch S5 is installed so that it is 
actuated by the trap door. The leads from S;5 are 
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Fig. 6-81—Top view of the 
control unit. The voltmeter mul- 
tiplier resistors are housed in a 
cane-metal protective shield 
(upper left). Resistors Rs and 
Ro are mounted under the sets 
of ventilation holes (center 
near panel), 


brought out to a jack, J3, located on the back 
wall of the enclosure, and from there to J. on 
the control unit. The trap door measures 614 
by 7 inches and the rectangular cutout in the top 
of the enclosure is 434 by 614 inches. This pro- 
vides adequate overlap to prevent any leakage 
of r.f. 


Adjustment and Operation 


First, determine that the control unit is oper- 
ating correctly. Apply 115 volts to J/5, insert the 


Fig. 6-82—Most of the enclo- 
sure has been removed to 
show the low- and _high-fre- 
quency plate tuning capacitors, 
the coil and band-switch as- 
sembly (center) and the 4-400A 
in its glass chimney (Eimac 
SK-406). The neutralizing ca- 
pacitor is behind the tube in 
this view. A cork gasket is used 
between chimney and chassis. 
Across the rear apron: output 
jack, filament a.c. plug, cathode 
and ground terminals, high- 
voltage connector, ground post 
and blower. The blower hides 
another terminal strip (for bias 
and screen connections) and 
the input jack. The band switch 
is made from a 4¥% X 8-inch 
strip of %-inch thick Lucite and 
Johnson 108-760 jacks and 
108-770 plugs. The plugs are 
mounted on two 3'%-inch utility 
handles (Bud UH-7 1A) strength- 
ened by straps of aluminum. 


A Kilowatt 4-400A Amplifier 


Fig. 6-83—Bottom view of the 
amplifier. The Minibox shield 
has been removed from the 
grid circuit (lower right). Load- 
ing capacitors, switch and 
“safety'’ choke are at the left. 
The filament transformer is in 
the center. Amplifier tube 
socket is mounted on four tabs 
spaced evenly around the 
circular cutout, 


tubes, and turn on the key switch, Ss. The green 
filament pilot light should go on immediately. 
There should also be power at receptacles J7, Js 
and J 9. J; and J9 are for the amplifier and plate 
supply filament transformers; /s, an accessory 
socket, is provided so that external equipment 
such as the station receiver can be controlled by 
Sg. There should be no power at J10, the plate 
transformer control socket. 
Next, adjust Rs until the VR tubes just begin 
to glow. Be sure the standby terminal jumper from 
Pin 5 of V3 to ground is in place. Turning Ss; 
should change the bias from —150 volts in the 
Class AB, position to —225 volts for Class C 
in the other. With S; in the linear position (AB), 
and leaving a voltmeter on the output of the bias 
supply, tempcrarily lift the standby jumper from 
ground. The output voltage should rise from 
—150 to approximately —300 volts. The standby 
terminals provide a convenient way to bias the 
4-400A beyond cutoff during standby and re- 
ceiving periods. This will prevent any annoying 
diode noise generation. 

Open S¢ and again connect an a.c. voltmeter to 
Jio. Put a temporary jumper between the two 
contacts of J/g. Close Sg and S7, and after 60 
seconds there should be power at /19 and the 
red plate pilot lamp should light. Replace the 
jumper across /J¢ with the leads from the micro- 
switch interlock. Lifting the trap door should 
deenergize J19, and the plate pilot bulb should 
extinguish. 3 

Next, connect a d.c. voltmeter to the output 
of the screen supply. By adjusting 7’5 it should 
be possible to vary the output from 0 to approxi- 
mately 850 volts. Finally, adjust R7 so that Ks 
trips when 40 ma. is drawn from the screen sup- 


ply. This can be checked by connecting a resistor 
(620 ohms or less, 1 watt) across the supply 
output and running the voltage up from zero 
until the drain is 40 ma. This completes the 
testing of the control unit. 

The amplifier must now be neutralized. Set the 
grid and plate band switches for 28 Mc., and 
disconnect the screen and flate leads at the 
amplifier terminals. Couple a sensitive indicating 
wavemeter to the output end of the plate tank 
circuit and apply the required —225 volts of 
bias. Apply drive, resonate the grid circuit and 
adjust the output of the exciter for rated 4-400A 
grid current. Neutralizing capacitor C2 should 
then be adjusted for minimum r.f. in the plate 
tank circuit. The plate tuning capacitor should 
be retuned for maximum wavemeter reading 
after each change of C2. After rated plate and 
screen voltages have been applied and the ampli- 
fier loaded, the neutralizing capacitor should be 
touched up so that minimum plate current and 
maximum grid and screen currents occur simul- 
taneously as the plate tank is tuned through 
resonance. - 

If the amplifier is to be used for s.s.b., the h.v. 
power supply should have a minimum output 
capacitance of 8 uf. For best voltage regulation 
the plate transformer should have a 220-volt 
primary. The output of the h.v. power supply 
should include a 14-ampere fuse to protect the 
supply from excessive overloads. 

If the amplifier is to be plate modulated, a 
choke, approximately 10 hy. at 50 or 100 ma., 
should be inserted in series with the screen lead 
of the 4-400A. An external switch can be used 
to short out the choke when using the amplifier 
for c.w. or s.s.b. 
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A VFO. With Differential Keyer 


Figs. 6-84 through 6-88 show a self-contained 
v.f.o. with output on 3.5 Me. Included is a dif- 
ferential system for keying the control grid of 
an amplifier. The diagram is shown in Fig. 
6-86. One section of a 12AT7 is used in the Vackar 
oscillator circuit, while the second section is 
used as a cathode follower driving a 5763 ampli- 
fier. S, selects either of two frequency ranges 
—3.5 to 4 Me. for use in the 80-meter band, 
and 3.5 to 3.65 Me. for multiplying to the higher- 
frequency bands. If only the first range is de- 
sired, Cy and C3 may be omitted and the stators 
of Co and C4 connected to the junction of Cs and 
I}. 

To avoid chirp and permit full break-in c.w. 
operation, a differential keying system is used. 
Grid-block keying of an amplifier stage beyond 
the v.f.o. unit is provided by the negative power 
supply (6X5 rectifier), the 470K resistor, the 
33K resistor Ry, and the 0.1-uf. capacitor Cs. 
The 6J5 cathode follower and the 0A2 control the 
oscillator. A complete description of the circuit 
operation will be found in Chapter Eight. Open- 
ing Seg turns on the oscillator for ‘frequency 
spotting”? purposes. 


Construction 


The unit is built on a 7 X& 12 X 2-inch alumi- 
num chassis that will fit inside an 8 X 14% X 
814-inch cabinet (Bud C-1747). The panel is 
8 by 12 inches and the dial is a Millen 10035. 
Before mounting the components, it is advisable 
to stiffen the chassis against vibration by fasten- 
ing two lengths of aluminum angle stock run- 
ning lengthwise against the under surface of the 
chassis. Several machine screws should be used 
with each. 


Fig. 6-84—The v.f.o. unit mounted in its cabinet. Holes 
are drilled in the dial cover to accommodate the switch 
shafts. At the right, a poker chip has been cemented to the 
v.f.0. set push-button switch so that it can be operated 
while tuning the v.f.o.; this makes frequency- 
spotting a one-handed operation. 


The v.f.o. tuned-circuit components are en- 
closed in a 4 X 5 X 6-inch aluminum box. This 
should also be stiffened with lengths of angle 
stock, one strip running under the top of the 
box, and one externally along each of the side 
covers. 

The coil is supported on 21!4-inch ceramic 
pillars (Millen 31002). The tuning capacitor C4 
is elevated above the bottom of the box on an 
aluminum bracket so that its shaft will line up 
with the dial. The band-spread switch Sj, is 
mounted in the bottom of the box, to the 
rear of the coil, with its shaft vertical. The 
shaft is controlled from the panel by means of 
a National RAD right-angle drive and a “‘uni- 
versal-joint”’ type shaft coupler (Millen 39001), 
as shown in Fig. 6-88. 

The three trimmer capacitors are mounted in 
the top of the box. C3 is submounted so that its 
shaft, which is at high r.f. potential, will not 
protrude from the box. It is adjusted with an 
insulated screwdriver through a hole in the top 
of the box. Cs 1s an air trimmer used here as a 
fixed capacitor. It is mounted on a bracket fas- 
tened to the bottom of the box, under the coil, 
and set at maximum capacitance. 

The box should be placed on the chassis so 
that an extension of the shaft of the tuning eca- 
pacitor will line up with the dial. This places 
the box somewhat off center. : 

Power-supply components are mounted at 
the left-hand end of the chassis as viewed from 
the rear. The power transformer, plate and bias 
rectifiers, voltage-regulator tubes and filter choke 
Ls are placed on the top side of the chassis. The 
bias filter choke, the plate filter choke Lg and 
the filter capacitors are underneath. Lg mounts 


Fig. 6-85—Rear view of the v.f.o. unit. Power-supply 
components are to the left of the tuned-circuit compart- 
ment, and r.f. and 6J5 tubes to the right. The three screws 
along the center line of the box are used to fasten a stif- 
fening strip of angle stock inside. Similar strips 
should be fastened against the side covers. 
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Fig. 6-86— Circuit diagram of the v.f.o., with its power supply and the keying system. Except as otherwise indicated, fixed 
resistors are 2 watt, capacitances are in uyf., resistances are in ohms. Capacitors marked with polarity are electrolytic. 


C1, Co—75-pupf. variable (Hammarlund APC-75). 


‘C3—100-ppyf. variable (Hammarlund APC-100). 


C4—25-ppf. variable (Millen 20025). 

C5—50-ypf. (Hammarlund APC-50); see text. 

Ce—0.1-yuf. 600-v. tubular, part of shaping circuit. 
Mounted in amplifier. 

J; —Coax connectors, chassis mounting. 

L:i—30 turns No. 16, 1% inch diameter, 10 turns/inch 
(Airdux 14107). 


L2—72 turns No. 22 enam., close-wound on ¥%”’ diameter 


slug-tuned form (Waters CSA-1012-1-WH). 
L;—10 turns, wound on cold end of, but insulated from, L2. 


Ls—10 hy., 50 ma. (Triad C-3X). 

Ls, le—12 hy., 75 ma. (Triad C-5X). 

Ri—33,000 ohms, part of shaping circuit. Mounted in 
amplifier. 

Si—Miniature rotary, 2-position (Centralab PA-2001). 


S2—Normally-closed push-button switch (Switchcraft 1002 
modified with a longer shaft so as to extend 
through the main dial housing). 


T:—700 v. c.t., 9O ma.; 5 v., 3 amp.; 6.3 v., 3.5 amp. 
(Triad R-11A). 


T2—6.3-y. 0.6-ampere filament transformer. 
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Fig. 6-87—The v.f.o. coil is mounted on ceramic pillars. The tuning capacitor C1 can be seen behind the rear pair of 
insulators. The air capacitor Cs is partially hidden by the 1000-yuf. silver mica capacitor below the coil. No. 14 wire is 
used between the switch and the coil and capacitors. In the foreground, transformer 
and tubes have been removed to show the adjusting screw of Lo. 


with the same screws used for mounting Ls The v.f.o./cathode follower, amplifier and 
above. Several 14-inch holes should be drilled | 6J5 tubes and their associated circuit components 
in the chassis in the vicinity of the power-supply are at the left hand end of the chassis. The v.f.o. 
components to help ventilate the under side of — tube is close to the panel, followed by the 5763 
the chassis. amplifier, 7’: and 6J5 cathode follower. The slug- 


Fig. 6-88 — Bottom view of the v.f.o. unit. The right-angle drive, right of center, drives the band-spread switch Si. The small 
sections of aluminum angle stock are stiffeners added after the components 
were mounted. The method suggested in the text is preferable. 
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A V.F.O. 


tuned coil Ze is mounted alongside the 5763. 
It can be adjusted from the top of the chassis. 

Along the rear edge of the chassis are a con- 
nector for the a.c. line, connectors for connecting 
a remote switch in parallel with Soe, for the key, 
for the keyed amplifier grid, and a coaxial con- 
nector for r.f. output. 

Large rectangular ventilating holes are cut in 
the lid of the cabinet and then backed with 
patches of Reynolds perforated aluminum. If this 
detail is omitted, the temperature rise of the unit 
may cause considerable frequency drift. 


Adjustment 


In adjusting the v.f.o. frequency ranges, first 
set S1 to the 80-meter position. With the dial set 
at zero (C4 at maximum capacitance) adjust C2 
for a signal at 3500 ke. on a calibrated receiver. 
Then, with the dial of the v.f.o. set at the upper 
region of the scale, the signal should be heard at 
4000 ke. If it is impossible to reach 4000 ke. with 


the v.f.o., the coil should be trimmed a part of 
a turn at a time. 

In adjusting the second range (3500 to 3650 
ke.), turn S; to the 7 — 28-Mce. position. Set C3 
temporarily at about half capacitance. Then, 
with the v.f.o. dial set at zero, adjust Cy until a 
signal is heard at 3500 ke. Then check the v.f.o. 
frequency at the upper end of the dial. If the 
range does not go up to 3650 ke., C3 should be 
increased a little and C; decreased to bring 3500 
ke. at zero on the dial. If the tuning range goes 
above 3650 ke., C3 should be decreased, and Ci 
increased. A few trial settings should yield the 
correct range. The only other adjustment of the 
r.f. circuit is resonating the slug-tuned output 
coil. If set in the center of the tuning range, out- 
put should be reasonably constant over the entire 
range. 

Adjustment of the keying circuit should be in 
accordance with the factors mentioned in Chapter 
Kight in connection with grid-block keying. 


THE VACKAR VFO CIRCUIT 


The Vackar variable-frequency oscillator appears to have 
some advantages over the usual Clapp circuit.! In the latter, 
the output amplitude varies greatly with frequency. In the 
Vackar circuit, the output varies only a little with fre- 
quency. The useful frequency range of the Clapp circuit is 
about 1.2 to 1; in the Vackar it is about 2.5 to 1. The first 
of these advantages should be of interest to amateurs. 

My friend and colleague, Mr. James B. Ricks, W9TO, 
has pointed out that the 6AG7 is not the best tube to use 
for a series-tuned v.f.o.; indeed the several papers originally 
describing these circuits invariably show triodes. The best 
tube is that one which has the lowest ratio of change of 
input capacitance to its mutual conductance. The operating 
mutual conductance for the cathode, control grid, and screen 
grid of a 6AG7 (as typically used as an oscillator) is low, 
despite its high value for the normal grid-to-plate circuitry. 
Also, it has a high input capacitance and high heater and 
plate power inputs. In consequence, this tube is not ideal for 
the purpose. 

A small dual triode, the 12AT7, offers higher oscillator 
gm im one triode section, lower input capacitance, and 
about one third the heater and plate power inputs required 
by the 6AG7. In consequence, it is a superior tube for series- 
tuned oscillators. The output voltage will be lower for the 
12AT7, naturally, but a tube should not be evaluated for 
y.f.o. use on the basis of power output. 

W9TO has adapted the Vackar circuit to an amateur v.f.o. 
with output on 80 meters using the 12AT7 in the circuit of 
Fig. 6-89. The first triode unit and its associated components 
form the oscillator proper; the other triode unit is a cathode 
follower which reduces loading effects on the oscillator fre- 
quency. Two of these v.f.o. units have been made and tested; 
their frequency stability is excellent, and they key well. The 
output r.f. was measured as 1.2 volts r.m.s. using a General 
Radio v.t.v.m. The total current ‘from the 255-volt regu- 
lated B supply was 16 ma., key down. 

In series-tuned oscillators of the Clapp or Vackar type 
the characteristics of the series capacitor Cx are critical if 
the oscillator is to be keyed. An annoying chirp, slight but 
detectable, was finally traced to imperfection of this ca- 
pacitor, even though it was a low temperature coefficient 
silvered mica one. Several silvered micas of good make were 
tried; they all produced slight chirp, some less than others. 
A so-called zero temperature coefficient (NPO) ceramic 
capacitor gave less chirp (very little, in fact), but the chirp 
was eliminated by using an APC air trimmer for Cx. Appar- 
ently, there is enough r.f. current through Cx to cause di- 


1Clapp, J. K., ‘Frequency Stable LC Oscillators,” 
Proc, of the I.R.E., Aug., 1954, Vol. 42, No. 8, page 1295. 


e 


470 


RF OUTPUT 


4.7K 


Fig. 6-89—Vackar series-tuned v.f.o0. circuit at W9TO. The 
tube is a 1 2AT7 dual triode. R.f. output from the cathode- 
follower second section is 1.2 volts r.m.s. 


C;, Co—Silver mica. 

C;, Cr C;—Mica. 

C,—APC air variable. 

Other capacitors are ceramic. 


electric heating and a small resulting change in capacity 
even in these high-grade capacitors. This was confirmed 
indirectly by using for Cx a negative temperature coefficient 
(N750) ceramic capacitor. The chirp was tremendous! 

Of course, the series capacitor is not the only possible 
cause of chirp; poor plate voltage regulation or a long time 
constant in the keying circuit might also contribute. To 
avoid this, the plate supply should be regulated, and series 
resistances and shunt capacitances in the keying circuit 
should be kept to a minimum.? 

The circuit shown will key cleanly without chirp; with 
the constants shown it will be somewhat clicky, due to 
turning on and off rapidly; this makes it very desirable 
for use in a differential keying system in which the oscillator 
is turned on before the amplifier, and the amplifier is turned 
off before the oscillator. — WIIlK 


2The chirp discussed in the preceding paragraph evi- 
dently is a slow one attributable to temperature effects. 
A chirp of the ‘‘dynamic”’ type often manifests itself as a 
click when the time constant of the keying circuit is very 
short, becoming observable as a chirp when key-thump 
elimination methods are used. — Ed. 

This material originally appeared in QST7' for November, 
1955. — Ed. 
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Converting Surplus Transmitters for Novice Use 


War-surplus radio equipment, available in 
many radio stores, is a good source of radio parts. 
Some of the transmitters and receivers can be 
made to operate in the amateur bands with little 
or no modification. It would be hard to find a 
more economical way for a Novice to get started 
on 40 or 80 meters than by adapting a normally- 
v.f.o.-controlled surplus ‘‘Command Set” to 
crystal control. 

The ‘‘Command Sets” are parts of the SCR- 
274N and AN/ARC-5 equipments, transmitters 
and receivers designed for use in military aircraft. 
The two series are substantially identical in cir- 
cult and construction. Of the transmitters, two 
are of particular interest to the Novice. These 
are the BC-696 (part of 274N) or T19 (ARC-5) 
covering 3 to 4 Mc., and the BC-459 or T22, 
7 to 9.1 Mc. The transmitter circuit consists of a 
1626 triode variable-frequency oscillator that 
drives a pair of 1625s in parallel, which for Novice 
use can be run at 75 watts input. In addition to 
the 1626 and 1625s the transmitters include a 
1629 magic-eye tube, which was used as a reso- 
nance indicator with a crystal for checking the 
dial calibration. The tubes have 12-volt heaters 
connected in series-parallel for 24-volt battery 
operation. The BC-696 and 459 are available 
from surplus dealers at prices ranging from five to 
fifteen dollars each, depending on condition. 

Several methods have been described for con- 
verting the transmitters to crystal control for 
Novice use, but most of them didn’t take into 
consideration the reconversion required to change 
back to v.f.o. when the Novice became a Gen- 
eral-Class license holder. 

In the modification to be described, the Novice 


requirement for crystal control is met by using 
a separate crystal-controlled oscillator. The out- 
put of the external oscillator is fed into the trans- 
mitter through a plug that fits into the 1626 
oscillator socket. The 1626 is not used. The trans- 
mitter modifications are such that when it is 
desired to restore the transmitter to v.f.o. opera- 
tion the external oscillator is unplugged and the 
1626 is put back in its socket. No wiring changes 
are needed to go from crystal control to v.f.o. 

In addition to the external oscillator, a power 
supply is required for the oscillator and trans- 
mitter (Fig. 6-91), and certain wiring changes are 
needed to make the transmitter itself suitable for 
amateur use. These changes consist primarily of 
removing two relays, changing the tube heater 
circuit for operation on 12 volts instead of 24 
volts, and the addition of a power plug. 


Transmitter Modifications 


The 80- and 40-meter transmitters are prac- 
tically identical except for frequency range, and 
the modifications are the same in both. Remove 
the top cover and bottom plate. Remove the 
tubes and crystal from their sockets so there will 
be no danger of breaking them as you work on 
the transmitter. If the sockets are not marked 
by tube types, mark them yourself so you’ll know 
which tube goes where. 

The following modifications are required: 

1) Remove the antenna relay (front panel) and 
control relay (side of chassis) and unsolder and 
remove all wires that were connected to the relays 
with the exception of the wire going to Pin 4 
on the oscillator socket. 

2) Remove the wire-wound resistor mounted 
on the rear wall of the transmitter. 

3) Unsolder the wire from Pin 7 of the 1629 
socket and move it to Pin 2. Ground Pin 7. 

4) Unsolder the wires from Pin 1 of the 1625 
closest to the drive shaft for the variable capaci- 
tors and solder the wires to Pin 7. Run a lead 
from the same Pin 1 to the nearest chassis ground. 

5) Unsolder all leads from the power socket 
at the rear of the chassis and remove the socket. 
The socket can be pried off with a screwdriver. 

6) Unsolder the end of the 20-ohm resistor 
(red-black-black) that is connected to Pin 4 on 
the oscillator socket and connect it to Pin 6 


Fig. 6-90—The complete Novice setup, in this case using 
the 80-meter (BC-696) transmitter. Note the key jack at 
the lower-left corner of the transmitter panel. The crystal 
oscillator is connected to the transmifter oscillator-tube 
socket with a short length of cable terminating in an octal 
plug. A small notch should be cut in the transmitter cover to 
provide clearance for the cable when the cover is installed. 

The power transformer, rectifier, and choke are mounted 
on top of the power-supply chassis at the rear, and the 
control switches are mounted on the wall as shown, 

Remaining components are underneath. 


Converting Surplus 


of the calibration crystal socket. There. is also a 
lead on Pin 4 that was connected to the keying 
relay; connect this lead to the nearest chassis 
ground point. 

7) Mount an octal socket (Amphenol 78-RS8) 
in the hole formerly occupied by the power socket. 
Install a solder lug under one of the nuts holding 
the socket mounting. 

8) Wire the octal socket as shown in Fig. 6-91. 
One of the leads unsoldered from the original 
power socket is red with a white tracer. This is the 
B+ lead for the 1625s. The yellow lead is the 
screen lead for the 1625s and the white lead is 
the heater lead. Although the manuals covering 
this equipment specify these colors, it’s safer 
not to take them for granted; check where each 
lead actually goes before connecting it to the new 
power socket. The lead from Pin 1 on the power 
socket to Pin 6 on the calibration-crystal socket is 
the oscillator plate-voltage lead. The leads from 
Pins 7 and 8 on the power plug to Pins 1 and 6 on 
the oscillator socket are new leads to carry power 
to the external crystal-controlled oscillator. The 
lead from Pin 4 of the power socket to Pin 2 on 
the 1629 (resonance indicator) socket is the 12- 
volt heater lead. 

9) Mount a closed-circuit phone jack at the 
lower left-hand corner of the front panel. Con- 
nect a lead from the ungrounded phone jack ter- 
minal to Pin 6 (cathode) of either of the 1625 
sockets. This completes the modification. 


Crystal-Controlled Oscillator Details 


The external crystal-controlled oscillator cir- 
cuit, shown in Fig. 6-92, uses a 6AG7 in the grid- 
plate oscillator circuit. Either 80- or 40-meter 
crystals are required, depending on the band in 
use, A tuned plate circuit is not required in the 
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Fig. 6-91 —Circuit diagram of power socket and power supply. 


Ci, Co—16-pf., 600-volt electrolytic (Sprague TVA-1965, 
Aerovox PRS}. 

Ji—Octal socket (Amphenol 78-RS8). 

Li—1- to 2-hy., 200-ma. filter choke, TV replacement 
type (Stancor C2325 or C2327, or equivalent). 

P;—Octal cable plug (Amphenol 86-PM8). 

Ri— 25,000 ohms, 25 watts, with slider. 

$1, Sz—Single-pole, single-throw toggle switch. 

Ti—Power transformer, 800 volts center-tapped, 200 

. ma.; 5 volts, 3 amp.; 6.3 volts, 6 amp. (Knight 

61G414, Triad R-21A, or equivalent). 


oscillator; it was found that more than adequate 
grid drive could be obtained with the setup as 
shown. me 

Output from the oscillator is fed to the trans- 
mitter through an 8-inch length of RG-58 coax 
cable. The cable is terminated in an octal plug, 
Pe, which is plugged into the oscillator tube 
socket in the transmitter. Power for the external 
oscillator is obtained through this socket. 

The crystal-controlled oscillator is built in 
and on a 4 X 2 X 234-inch aluminum box. The 
tube and crystal sockets are mounted on top 
of the box and the remaining components inside. 
Layout of parts is not particularly critical but the 
general arrangement shown in Figs. 6-90 and 6-93 
should be followed to insure good results. 

In the completed setup, oscillator and ampli- 
fier, the cathodes of the 1625s are keyed and the 
crystal oscillator runs continuously during trans- 
missions. It is thus necessary to turn the oscilla- 
tor off during standby periods, and this is accom- 
plished by opening the B-plus switch on the 
power supply. This method is used in preference 
to keying the oscillator and amplifier simultane- 
ously because keying the oscillator is likely to 
make the signal chirpy. With amplifier keying 
the signal is a real TOX. 


Power Supply 


Fig. 6-91 shows the circuit of the power supply, 
which uses a 5U4G rectifier and a capacitor- 
input filter. The power transformer, 71, is a type 
made by several manufacturers. To obtain the 
necessary 12.6 volts for the heaters, a 6.3-volt 
filament transformer is connected in series with 
the 6.3-volt winding on 7. This setup also will 
provide 6.3 volts for the heater of the 6AG7. 
Current requirement for the 6AG7 heater is 0.65 
amp. and for the 1625s, 0.9 amp. total. 


ui INSERT METER 


PIN 6, CRYSTAL SOCKET (OSC. B+). 
PINS 1625 SOCKET (SCREEN). 
PLATE LEAD OF 1625s. 

PIN2 1629 SOCKET (12.6 V.AC.) 
CHASSIS GROUND. 

NO CONNECTION. 

PIN6 1626 SOCKET (6.3 V.A.C.). 
PIN | 1626SOCKET ( XTALOSC.B+). 


DNOO AWN — 


CONNECTIONS TO 
POWER SOCKET ON TRANSMITTER. 


T2—Filament transformer, 6.3 volts, 3 amp. (Triad F-16X, 
Knight 62-G-031, or equivalent). 
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XTAL.OSC. 


DECIMAL VALUES OF CAPACITANCE ARE INwf., 
OTHERS ARE INA, EXCEPT AS INDICATED. 


RG-58/U 4 


a a, E> pois . 
mao man 


TO 1626 
SOCKET IN 
XMTR. 


(B) 


Fig. 6-92—(A) Circuit diagram of external crystal-controlled oscillator. Unless otherwise specified, resistances are in ohms, 
resistors are /2 watt. The 0.01- and 0.001-yuf. capacitors are disk ceramic. (B) Method of connecting the milliammeter 
in series with the key. 


Ci:—3-30-yyf. trimmer. 

Co—220-upf. fixed mica. 

Mi—O0-250 d.c. milliammeter. 

P2—Octal plug, male (Amphenol 86-PM8). 


To turn off the plate voltages on the transmit- 
ter during stand-by periods, the center tap of 7; 
is opened. This can be done in two ways; by Sz, 
or by a remotely-mounted switch whose leads 
are connected in parallel with Sy. A two-terminal 
strip is mounted on the power-supply chassis, 
the terminals being connected to S2 which is also 
on the chassis. The remotely-mounted switch 
can be installed in any convenient location at the 
operating position. A single-pole, single-throw 
switch can be used for this purpose or, if desired, 
a multicontact switch can be used to perform 
simultaneously this and other functions, such as 
controlling an antenna-changeover relay. 

The high-voltage and heater leads are brought 
out in a cable to an octal plug, P1, that connects 
to J; on the transmitter. The length of the cable 
will, of course, depend on where you want to 
install the power supply. Some amateurs prefer 
to have the supply on the floor under the operat- 
ing desk rather than have it take up room at 
the operating position. 

The supply shown here was constructed on a 
3 X 6X 10-inch chassis. The layout is not 
critical, nor are there any special precautions to 
take during construction other than to observe 
polarity in wiring the electrolytic capacitors and 
to see that the power leads are properly insulated. 
Never have P; unplugged from J; when the power 
supply is turned cn; there is danger of electrical 
shock at several pins of P;. Interchanging the 
inserts of P; and J; will remove this hazard. 

When wiring FP; don’t connect the B-plus 
lines to Pins 2 or 3, the amplifier plates and 
screens, at first. It is more convenient to test the 
oscillator without plate and screen voltages on 
the amplifier. 

When the supply is completed, check between 
chassis ground and the 12.6-volt lead with an a.e. 
voltmeter to see if the two 6.3-volt windings are 
connected correctly. If you find that the voltage is 
zero, reverse one of the windings. If you don’t 
have an a.c. meter you can check by observing 
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P3—Phone plug. 
RFC,, RFC2—1-mh. r.f. chokes. 
Y,—3.5- or 7-Mc. Novice-band crystal, as required. 


the heaters in the 1625s. They will light up if you 
have the windings connected correctly. Inciden- 
tally, leave B plus off, by opening Se, for this 
cheek. 

Next, set the slider on the bleeder resistor, /¢1, 
at about one-quarter of the total resistor length, 
measured from the B-plus end of the bleeder. 
Be sure to turn off the power when making this 
adjustment. With the tap set about one-quarter 
of the way from the B-plus end of the bleeder the 
oscillator plate and amplifier screen voltages will 
be approximately 250 volts. 


Testing the Transmitter 


A key and meter connected as shown in Fig. 
6-92 are needed for checking the transmitter. 
When P3 is plugged into the jack in the transmit- 
ter it will measure the cathode current of the 
1625s. The cathode current is the sum of the 
plate, screen and control-grid currents. Some 
amateurs prefer to install the meter in the plate 
lead so it reads plate current only. This can be 
done by opening the B-plus line at the point 
marked “X” in Fig. 6-91, and inserting the 
meter in series with the line. However, unless 
more than one meter is available, don’t install it 
in the power supply setup in this way until after 
the tests described below have been made. 

Insert the external oscillator plug, /:, into 
the 1626 socket and connect P; to the trans- 
mitter. Plug P; into the key jack on the front 
panel of the transmitter. With Se». open, turn on 
the power and -allow a minute or two for the 
tubes to warm up. Next, close the center-tap 
connection, Se, on the power transformer. Set the 
transmitter dial to the same frequency as that of 
the crystal in use and close the key. A slight 
indication of grid current should show on. the 
meter. There is no plate or screen current because 
there are no screen or plate voltages on the am- 
plifier. If no grid current is obtained, adjust Cy 
to the point where grid current shows, or try 
another crystal. 


Converting Surplus 


The next step is to peak the amplifier grid 
circuit — that-is, the 1626 v.f.o. tank — for 
maximum grid-current reading. The v.f.o. trim- 
mer capacitor is in an aluminum box on the 
top of the chassis at the rear. There is a 14-inch 
diameter hole in the side of the box; loosen the 
small screw visible through this hole, thus un- 
locking the rotor shaft of the trimmer capacitor. 
Move the rotor-arm shaft in either direction, 
observing the meter reading, and find the posi- 
tion that gives the highest reading. This should be 
something more than 10 ma. 

Now connect the plate and screen voltage leads 
to P;. Be sure to turn off the power supply before 
making the connections! 

The first test of the rig should be with a dummy 
load; a 115-volt, 60-watt light bulb can be used 
for this purpose. The lamp should be connected 
between the antenna terminal and chassis ground. 
However, to make the lamp take power it may 
be necessary to add capacitance in parallel with 
it. A receiving-type variable capacitor having 
250 uf. or more maximum capacitance will be 
adequate for the job. 

Turn on the power and allow the tubes to 
warm up, but leave the key open. Set the antenna 
coupling control on the transmitter to 7 or 8, 
and set the variable capacitor connected across 
the dummy load to about maximum capaci- 
tance. Next, close the key and adjust the an- 
tenna inductance control for an increase in 
cathode current. Turn the frequency control 
for a dip in current reading. The indicated fre- 
quency will probably differ from that of the 
crystal in use, but don’t worry about it. 

Adjust the three transmitter controls, antenna 
inductance, antenna coupling, and frequency, 
along with the variable capacitor across the lamp 
load, until the lamp lights up to apparently full 
brilliance. The cathode current should be between 
150 and 200 ma. With the transmitter fully 
loaded, adjust C; in the erystal oscillator so that 
the lamp brilliance just starts to decrease. This 
is the optimum setting for Ci and it can be left 
at this setting, no further adjustments being 
required. | 

If a d.c. voltmeter is available, check the differ- 
ent voltages in the setup. Using the power supply 
shown here, the plate voltage on the 1625s is 
approximately 400 with the amplifier fully loaded. 
With the plate voltage on the oscillator and 
screen voltage on the 1625s adjusted to 250 volts 
(tap on R;), the oscillator screen voltage is 160 
volts. The oscillator takes approximately 30 ma. 
and the 1625 amplifier screens about 10 ma. when 
the amplifier is fully loaded. 


Getting on the Air 


To put the transmitter on the air it is necessary 
only to connect an antenna to the antenna post 
and connect a ground lead from the transmitter 
chassis to a water-pipe ground or to a metal 
stake driven in the ground. Almost any length 
of antenna will work, but for best results the 


minimum length snould not be less than about 
¥g wavelength for the band in use. This is ap- 
proximately 33 feet for 80 meters and 16 feet 
for 40 meters. It is of course better to make the 
antenna longer — and to be sure to get the far 
end as high as possible. 

An output indicator will prove to be a handy 
device for knowing when power is actually going 
into the antenna. For this purpose use a 6.3-volt, 
150-ma. dial lamp. Connect two leads, each about 
one foot long, to the shell and base of the bulb, 
respectively. Clip one lead to the antenna post 
and the other lead on the antenna wire two feet 
from antenna post. A small amount of power 
will go through the bulb and this will provide a 
visual indication of output. Follow the same 
tuning procedure as outlined above for the 
dummy antenna. If the bulb gets so bright that it 
is in danger of burning out, move the leads closer 
together to reduce the pickup. 

It may be found that certain antenna lengths 
won’t work — that 1s, the amplifier won’t load — 
no matter where the antenna coupling and in- 
ductance are set. In such a case, connect a varia- 
ble capacitor — like the one used with the lamp 
dummy — between the antenna post and the 
transmitter chassis. Adjust the capacitor and 
antenna inductance for maximum brilliance of 
the output indicator; this will be the best set- 
ting for the controls. 

A superior antenna system uses a two-wire 
feeder system and an antenna coupler; examples 
are given in Chapters 13 and 14. If a coupler is 
used, the transmitter and coupler should be con- 
nected together with coax line. The inner con- 
ductor of the coax should be connected to the 
antenna terminal and the outer braid to the 
transmitter case, as close to the antenna terminal 
as possible. If desired, the antenna terminal can 
be removed and a coax fitting substituted. 

When the coveted General Class ticket is ob- 
tained, it is only necessary to unplug the crystal 
oscillator, put the original tube back in the rig, 
and move out of the Novice band. 


Fig. 6-93—This bottom view of the crystal oscillator shows 
the arrangement of components. Terminal strips are used 
for the cable connections and also as a support 

for Ci, the feedback capacitor. © 
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CHAPTER 7 


Power Supplies 


Essentially pure direct-current plate supply 
is required to prevent serious hum in the output 
of receivers, speech amplifiers, modulators and 
transmitters. In the case of transmitters, pure 
d.c. plate supply is also dictated by government 
regulation. 

The filaments of tubes in a trans- 
mitter or modulator usually may be 
operated from a.c. However, the 
filament power for tubes in a receiver 
(excepting power audio tubes), or 
those in a speech amplifier may be 
a.c. only if the tubes are of the indi- 
rectly-heated-cathode type, if hum 
is to be avoided. 

Wherever commercial a.c. lines are 
available, high-voltage d.c. plate sup- 
ply is most cheaply and conveniently 
obtained by the use of a transformer- 
rectifier-filter system. A typical power 
supply is shown in Fig. 7-1. 

In this system, the plate trans- 
former, 71, steps up the a.c. line voltage to the 
required high voltage. The a.c. is changed to 
pulsating d.c. by the rectifiers, Vi and Ve. 
Pulsations in the d.c. appearing at the output 
of the rectifier (points A and B) are smoothed 
out by the filter composed of Ly and Cy. Ry 
is a bleeder resistor. Its chief function is to dis- 
charge Cj, as a safety measure, after the supply 
is turned off. By proper selection of value, Ry 


IISVAC 


ISVAC 


HSVAC 


also helps to minimize changes in output voltage 
with changes in the amount of current drawn 
from the supply. 72 is a step-down transformer 
to provide filament voltage for the rectifier tubes. 
It must have sufficient insulation between the 


Fig. 7-1—A_ typical 
a.c. power-supply sys- 
tem. In this instance the 
d.c. is obtained from a 
T3 full-wave rectifier and 
a choke-input filter. 


FILS 


filament winding and the core and primary wind- 
ing to withstand the peak value of the rectified 
voltage. 7’; is a similar transformer to supply the 
filaments or heaters of the tubes in the equip- 
ment operating from the supply. Frequently 
these three transformers are combined in a single 
unit having a single 115-volt primary winding 
and the required three secondary windings on 
one core. 


Rectifier Circuits 


Half-Wave Rectifier 


Fig. 7-2 shows three rectifier circuits cover- 
ing most of the common applications in ama- 
teur equipment. Fig. 7-2A is the circuit of a 
half-wave rectifier. During that half of the 
a.c. cycle when the rectifier plate is positive 
with respect to the cathode (or filament), current 
will flow through the rectifier and load. But dur- 
ing the other half of the cycle, when the plate is 
negative with respect to the cathode, no current 
can flow. The shape of the output wave is shown 
in (A) at the right. It shows that the current 
always flows in the same direction but that the 
flow of current is not continuous and is pulsat- 
ing in amplitude. 

The average output voltage —the voltage 
read by the usual d.c. voltmeter — with this 
circuit is 0.45 times the r.m.s. value of the a.c. 
voltage delivered by the transformer second- 
ary. Because the frequency of the pulses in 
the output wave is relatively low (one pulsation 
per cycle), considerable filtering is required to 
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provide adequately smooth d.c. output, and for 
this reason this circuit is usually limited to ap- 
plications where the current involved is small, 
such as in supplies for cathode-ray tubes and for 
protective bias in a transmitter. 

Another disadvantage of the half-wave recti- 
fier circuit is that the transformer must have a 
considerably higher primary volt-ampere rat- 
ing (approximately 40 per cent greater), for the 
same d.c. power output, than in other rectifier 
circuits. 


Full-Wave Center-Tap Rectifier 


The most universally used rectifier circuit is 
shown in Fig. 7-2B. Being essentially an ar- 
rangement in which the outputs of two half- 
wave rectifiers are combined, it makes use of 
both halves of the a.e. cycle. A transformer 
with a center-tapped secondary is required with 
the circuit. When the plate of V; is positive, cur- 
rent flows through the load to the center tap. 
Current cannot flow through V2 because at this 


Rectifiers 


instant its cathode (or fila- 
ment) is positive in respect to a 
its plate. When the polarity 
reverses, V> conducts and cur- 
rent again flows through the 
load to the center-tap, this 
time through Ve. 

The average output volt- 
age is 0.45 times the r.m.s. 
voltage of the entire trans- ac 
former-secondary, or 0.9 times 
the voltage across half of the 
transformer secondary. For 
the same total secondary volt- 
age, the average output volt- 
age is the same as that deliv- 
ered with a half-wave rectifier. 
However, as can be seen from 
the sketches of the output 
wave form in (B) to the right, 


CRMs 


AC LINE 


the frequency of the output a« 
pulses is twice that of the LINE 
half-wave rectifier. Therefore 
much less filtering is required. 
_ Since the rectifiers work alter- 
nately, each handles half of 
AC LINE 


the average load current. 
Therefore the load-current 
rating of each rectifier need 
be only half the total load cur- 
rent drawn from the supply. 

Two separate transformers, 
with their primaries connected in parallel and 
secondaries connected in series (with the proper 
polarity) may be used in this circuit. How- 
ever, if this substitution is made, the primary 
volt-ampere rating must be reduced to about 
40 per cent less than twice the rating of one 
transformer. 


Full-Wave Bridge Rectifier 


Another full-wave rectifier circuit is shown in 
Fig. 7-2C. In this arrangement, two rectifiers 
operate in series on each half of the cycle, one 
rectifier being in the lead to the load, the other 
being in the return lead. Over that portion of 
the cycle when the upper end of the trans- 
former secondary is positive with respect to the 
other end, current flows through V;, through the 
load and thence through V». During this period 
current cannot flow through rectifier V4 because 
its plate is negative with respect to its cathode 
(or filament). Over the other half of the cycle, 
current flows through V3, through the load and 
thence through V4. Three filament transformers 
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Fig. 7-2—Fundamental vacuum-tube rectifier circuits. A—Half-wave. B—Full- 

wave. C—Full-wave bridge. A.c.-input and pulsating-d.c. output wave forms are 

shown at the right. Output-voltage values indicated do not include rectifier drops. 
Other types of rectifiers may be substituted. 


are needed — one for V; and V3 and one each 
for V2 and V4. The output wave shape (C), to 
the right, is the same as that from the simple 
center-tap rectifier circuit. The output voltage 
obtainable with this circuit is 0.9 times the 
r.m.s. voltage delivered by the transformer 
secondary. For the same total transformer- 
secondary voltage, the average output voltage 
when using the bridge rectifier will be twice 
that obtainable with the center-tap rectifier 
circuit. However, when comparing rectifier cir- 
cuits for use with the same transformer, it should 
be remembered that the power which a given 
transformer will handle remains the same re- 
gardless of the rectifier circuit used. If the out- 
put voltage is doubled by substituting the 
bridge circuit for the center-tap rectifier circuit, 
only half the rated load current can be taken 
from the transformer without exceeding its 
normal rating. Each rectifier in a bridge circuit 
should have a minimum load-current rating of 
one half the total load current to be drawn from 
the supply. 


Rectifiers 


High-Vacuum Rectifiers 


High-vacuum rectifiers depend entirely upon 
the thermionic emission from a heated filament 
and are characterized by a relatively high 
internal resistance. For this reason, their applica- 
tion usually is limited to low power, although 
there are a few types designed for medium and 
high power in cases where the relatively high 


internal voltage drop may be tolerated. This high 
internal resistance makes them less susceptible 
to damage from temporary overload and they are 
free from the bothersome electrical noise some- 
times associated with other types of rectifiers. 
Some rectifiers of the high-vacuum full-wave 
type in the so-called receiver-tube class will 
handle up to 275 ma. at 400 to 500 volts d.c. out- 
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put. Those in the higher-power class can be used 
to handle up to 500 ma. at 2000 volts d.c. in full- 
wave circuits. Most low-power high-vacuum rec- 
tifiers are produced in the full-wave type, while 
those for greater power are invariably of the half- 
wave type, two tubes being required for a full- 
wave rectifier circuit. A few of the lower-voltage 
types have indirectly heated cathodes, but are 
limited in heater-to-cathode voltage rating. 


Mercury-Vapor Rectifiers 


The voltage drop through a mercury-vapor 
rectifier is practically constant at approximately 
15 volts regardless of the load current. For 
high power they have the advantage of cheap- 
ness. Rectifiers of this type, however, have 
a tendency toward a type of oscillation which 
produces noise in nearby receivers, sometimes 
difficult to eliminate. R.f. filtering in the primary 
circuit and at the rectifier plates as well as 
shielding may be required. As with high-vacuum 
rectifiers, full-wave types are available in the 
lower-power ratings only. For higher power, two 
tubes are required in a full-wave circuit. 


Selenium and Other Semiconductor 
Rectifiers 


Selenium, germanium and silicon rectifiers are 
finding increasing application in power supplies 
for amateur equipment. These units have the ad- 
vantages of compactness, low internal voltage drop 
(about 5 volts per unit) and low operating temper- 
ature. Also, no filament transformers are required. 

Individual units of all three types are avail- 
able with input ratings of 130 volts r.m.s. Se- 
lenium units are rated at up to 1000 ma. or 
more d.c. load current; germanium units have 
ratings up to 400 ma., and silicon units up to 
500 ma. In full-wave circuits these load-current 
figures can be doubled. 

The extreme compactness of silicon types 
makes feasible the stacking of several units in 
series for higher voltages. Standard stacks are 
available that will handle up to 2000 volts r.m.s. 
input at a d.c. load current of 325 ma. Two of 
these stacks in a full-wave circuit will handle 650 
ma., although they are comparatively expensive. 

Semiconductor rectifiers may be substituted 
in any of the basic circuits shown in Fig. 7-2, 
the terminal marked “‘+” or ‘‘cathode”’ corre- 
sponding to the filament connection. Advantage 
may be taken of the voltage-multiplying circuits 
discussed in a later section of this chapter in 
adapting rectifiers of this type. 


Rectifier Ratings 


Vacuum-tube rectifiers are subject to limita- 
tions as to breakdown voltage and current-han- 
dling capability. Some types are rated in terms of 
the maximum r.m.s. voltage which should be 
applied to the rectifier plate. This is sometimes 
dependent on whether a choke- or capacitive- 
input filter is used. Others, particularly mercury- 
vapor types, are rated according to maximum 
inverse peak voltage — the peak voltage between 
plate and cathode while the tube is not con- 
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ducting. In the circuits of Fig. 7-2, the inverse 
peak voltage across each rectifier is 1.4 times the 
r.m.s. value of the voltage delivered by the 
entire transformer secondary, except that if a 
capacitive-input filter is used with the half- 
wave rectifier circuit of Fig. 7-2A, the multi- 
plying factor becomes 2.8. 

Rectifiers are rated also as to maximum d.c. 
load current, and some may carry peak-current 
ratings in addition. To assure normal life, all 
ratings should be carefully observed. Staying 
within their ratings, rectifiers ‘will deliver more 
current at a given output voltage with a choke- 
input filter than with capacitor input. However 
a higher a.c. voltage is required when the choke- 
input filter is used. 


Operation of Rectifiers 

In operating rectifiers requiring filament or 
cathode heating, care should be taken to provide 
the correct filament voltage at the tube terminals. 
Low filament voltage can cause excessive voltage 
drop in high-vacuum rectifiers and a considerable 
reduction tn the inverse peak-voltage rating of a 
mercury-vapor tube. Filament connections to the 
rectifier socket should be firmly soldered, partic- 
ularly in the case of the larger mercury-vapor 
tubes whose filaments operate at low voltage and 
high current. The socket should be selected with 
care, not only as to contact surface but also as 
to insulation, since the filament usually is at full 
output voltage to ground. Bakelite sockets will 
serve at voltages up to 500 or so, but ceramic 
sockets, well spaced from the chassis, always 
should be used at the higher voltages. Special fila- 
ment transformers with high-voltage insulation 
between primary and secondary are required for 
rectifiers operating at potentials in excess of 1000 
volts inverse peak. 

The rectifier tubes should be placed in the 
equipment with adequate space surrounding them 
to provide for ventilation. When mercury-vapor 
tubes are first placed in service, and each time 
after the mercury has been disturbed, as by 
removal from the socket to a horizontal position, 
they should be run with filament voltage only for 
30 minutes before applying high voltage. After 


Fig. 7-3—Connecting mer- 
cury-vapor rectifiers in par- 
allel for heavier currents. 
R; and Re should have the 
same value, between 50 
and 100 ohms, and corre- 
sponding filament terminals 
should be connected 
together. 


that, a delay of 30 seconds is recommended each 
time the filament is turned on. 

Rectifiers may be connected in parallel for cur- 
rent higher than the rated current of a single 
unit. This includes the use of the sections of a 
double diode for this purpose. With mercury- 
vapor types, equalizing resistors of 50 to 100 ohms 
should be connected in series with each plate, as 
shown in Fig. 7-3, to help maintain an equal divi- 
sion of current between the two rectifiers. 


Filters 


Filters 


The pulsating d.c. waves from the rectifiers 
shown in Fig. 7-2 are not sufficiently constant in 
amplitude to prevent hum corresponding to the 
pulsations. Filters consisting of capacitances and 
inductances are required between the rectifier and 
the load to smooth out the pulsations to an essen- 
tially constant d.c. voltage. Also, upon the design 
of the filter depends to a large extent the d.c. 
voltage output, the voltage regulation of the 
power supply and the maximum load current 
that can be drawn from the supply without ex- 
ceeding the peak-current rating of the rectifier. 

Power-supply filters fall into two classifications, 
depending upon whether the first filter element 
following the rectifier is a capacitor or a choke. 
Capacitive-input filters are characterized by rela- 
tively high output voltage in respect to the trans- 
former voltage, but poor voltage regulation. 
Choke-input filters result in much better regula- 
tion, when properly designed, but the output 
voltage is less than would be obtained with a 

_capacitive-input filter from the same transformer. 


Voltage Regulation 


The output voltage of a power supply always 
decreases as more current is drawn, not only be- 
cause of increased voltage drops in the trans- 
former, filter chokes and the rectifier (if high- 
vacuum rectifiers are used) but also because the 
output voltage at light loads tends to soar to the 
peak value of the transformer voltage as a result 
of charging the first capacitor. By proper filter 
design the latter effect can be eliminated. The 
change in output voltage with load is called volt- 
age regulation and is expressed as a percentage. 


100 (4; — Eo) 
KE 


Example: No-load voltage = H£; = 1550 volts. 
Full-load voltage = He = 1230 volts. 
100 (1550 — 1230) 


1230 


Per cent regulation = 


Percentage regulation = 


x 


_ 32,000 


= 26 per cent. 
1230 


Regulation may be as great as 100% or more with 
a capacitive-input filter, but by proper design can 
be held to 20% or less with a choke-input filter. 

Good regulation is desirable if the load current 
varies during operation, as in a keyed stage or a 
Class B modulator, because a large change in 
voltage may increase the tendency toward key 
clicks in the former case or distortion in the 
latter. On the other hand, a steady load, such as 
is represented by a receiver, speech amplifier or 
unkeyed stages in a transmitter, does not require 
good regulation so long as the proper voltage is 
obtained under load conditions. Another con- 
sideration that makes good voltage regulation de- 
sirable is that the filter capacitors must have a 
voltage rating safe for the highest value to which 
the voltage will soar when the external load is 
removed. 

When essentially constant voltage, regardless 


of current variation is required (for stabilizing an 
oscillator, for example), special voltage-regulating 
circuits described elsewhere in this chapter are 
used. 


Load Resistance 


In discussing the performance of power-supply 
filters, it is sometimes convenient to express the 
load connected to the output terminals of the 
supply in terms of resistance. The load resistance . 
is equal to the output voltage divided by the’ 
total current drawn, including the current drawn 
by the bleeder resistor. 


Input Resistance 


The sum of the transformer impedance and the 
rectifier resistance is called the input resistance. 
The approximate transformer impedance is given 
by 

Z7R = N’*hpri + Rsrc 


where WN is the transformer turns ratio, primary 
to secondary (primary tc 14 secondary in the case 
of a full-wave rectifier), and Rprr and Rsrc are 
the primary and secondary resistances respec- 
tively. Rgzc will be the resistance of half of the 
secondary in the case of a full-wave circuit. 


Bleeder 


A bleeder resistor is‘ a resistance connected 
across the output terminals of the power supply 
(see Fig. 7-1). Its functions are to discharge the 
filter capacitors as a safety measure when the 
power is turned off and to improve voltage regula- 
tion by providing a minimum load resistance. 
When voltage regulation is not of importance, 
the resistance may be as high as 100 ohms per 
volt. The resistance value to be used for voltage- 
regulating purposes is discussed in later sections. 
From the consideration of safety, the power rat- 
ing of the resistor should be as conservative as 
possible, since a burned-out bleeder resistor is 
more dangerous than none at all! 


Ripple Frequency and Voltage 


The pulsations in the output of the rectifier can 
be considered to be the resultant of an alternating 
current superimposed upon a steady direct cur- 
rent. From this viewpoint, the filter may be con- 
sidered to consist of shunting capacitors which 
short-circuit the a.c. component while not inter- 
fering with the flow of the d.c. component, and 
series chokes which pass d.c. readily but which 
impede the flow of the a.c. component. 

The alternating component is called the ripple. 
The effectiveness of the filter can be expressed in 
terms of per cent ripple, which is the ratio of the 
r.m.s. value of the ripple to the d.c. value in terms 
of percentage. For c.w. transmitters, the out- 
put ripple from the power supply should not ex- 
ceed 5 per cent. The ripple in the output of sup- 
plies for voice transmitters should not exceed 1 
per cent. Class B modulators require a ripple 
reduction to about 0.25%, while v.f.o.’s, high- 
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gain speech amplifiers, and receivers may require 
a reduction in ripple to 0.01%. 

Ripple frequency is the frequency of the pulsa- 
tions in the rectifier output wave — the number 
of pulsations per second. The frequency of the 
ripple with half-wave rectifiers is the same as the 
frequency of the line supply — 60 cycles with 60- 
cycle supply. Since the output pulses are doubled 
with a full-wave rectifier, the ripple frequency is 
doubled — to 120 cycles with 60-cycle supply. 

The amount of filtering (values of inductance 
and capacitance) required to give adequate 
smoothing depends upon the ripple frequency, 
more filtering being required as the ripple fre- 
quency is lowered. 


& CAPACITIVE-INPUT FILTERS 


Capacitive-input filter systems are shown in 
Fig. 7-4. Disregarding voltage drops in the 
chokes, all have the same characteristics except 


D.C. 
OUTPUT 


Fig. 7-4—Capacitive-input filter circuits; A—Simple ca- 
pacative. B—Single-section. C—Double-section. 


in respect to ripple. Better ripple reduction will 
be obtained when LC sections are added, as shown 
in Figs. 7-4B and C. 


Output Voltage 


To determine the approximate d.c. voltage out- 
put when a capacitive-input filter is used, refer- 
ence should be made to the graph of Fig. 7-5. 

Example: 
Transformer r.m.s. voltage — 350 
Input resistance — 200 ohms 
Maximum load current, including bleeder cur. 
rent — 175 ma. 


: 350 
Load resistance = ——— = 2000 ohms approx. 
0.175 


From Fig. 7-5, for a load resistance of 2000 
ohms and an input resistance of 200 ohms, the 
d.c. output voltage is given as slightly over 1 
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INPUT C-4yF 
OR GREATER 


RATIO OF DC VOLTS OUTPUT TO TRANSFORMER RMS 


0.8 
1000 2000 3000 5000 10,000 20,000 50,000 
YT DEGSVOLTS. 
LOAD RESISTANCE = DCAMP (OUTPUT) 


Fig. 7-5—Chart showing approximate ratio of d.c. out- 

put voltage across filter input capacitor to transformer 

r.m.s. secondary voltage for different load and input 
resistances. 


times the transformer r.m.s. voltage, or about 350 
volts. 
Regulation 


If a bleeder resistance of 50,000 ohms is used, 
the d.c. output voltage, as shown in Fig. 7-5, will 
rise to about 1.35 times the transformer r.m.s. 
value, or about 470 volts, when the external load 
is removed. For greater accuracy, the voltage 
drops through the input resistance and the 
resistance of the chokes should be subtracted 
from the values determined above. For best reg- 
ulation with a capacitive-input filter, the bleeder 
resistance should be as low as possible without 
exceeding the transformer, rectifier or choke 
ratings when the external load is connected. 


Maximum Rectifier Current 


The maximum current that can be drawn from 
a supply with a capacitive-input filter without 
exceeding the peak-current rating of the rectifier 
may be estimated from the graph of Fig. 7-6. 
Using values from the preceding example, the 
ratio of peak rectifier current to d.c. load current 
for 2000 ohms, as shown in Fig. 7-6 is 3. There- 
fore, the maximum load current that can be 
drawn without exceeding the rectifier rating is 4 
the peak rating of the rectifier. For a load current 
of 175 ma., as above, the rectifier peak current 
rating should be at least 3 X 175 = 525 ma. 

With bleeder current only, Fig. 7-6 shows that 
the ratio will increase to over 8. But since the 
bleeder draws less than 10 ma. d.ce., the rectifier 
peak current will be only 90 ma. or less. 


Filters 


INPUT C — 4yF 
OR GREATER 


RAT/O OF PEAK RECTIFIER CURRENT TO OC LOAD CURRENT 
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Fig. 7-6—Graph showing the relationship between the 

d.c. load current and the rectifier peak plate current 

with capacitive input for various values of load and 
input resistance. 


Ripple Filtering 


The approximate ripple percentage after the 
simple capacitive filter of Fig. 7-4A may be deter- 
mined from Fig. 7-7. With a load resistance of 
2000 ohms, for instance, the ripple will be ap- 
proximately 10% with an 8-uf. capacitor or 
20% with a 4-yf. capacitor. For other capaci- 
tances, the ripple will be in inverse proportion to 
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Fig. 7-7—Showing approximate 120- cycle percentage 
ripple across filter input capacitor for various loads. 


the capacitance, e.g., 5% with 16 uf., 40%, i 
2 uf., and so forth. 


The ripple can be reduced further by the addi- 
tion of LC sections as shown in Figs. 7-4B and C. 
Fig. 7-8 shows the factor by which the ripple from 
any preceding section is reduced depending on the 
product of the capacitance and inductance added. 
For instance, if a section composed of a choke of 
5 h. and a capacitor of 4 uf. were to be added 
to the simple capacitor of Fig. 7-4A, the product 
is 4 X 5 = 20. Fig. 7-8 shows that the original 
ripple (10% as above with 8 uf. for example) will 
be reduced by a factor of about 0.09. Therefore 
the ripple percentage after the new section will be 
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Fig. 7-8—Ripple-reduction factor for various values of 
L and C in filter section. Output ripple = input ripple X 
ripple factor. 


approximately 0.09 X 10 = 0.9%. If another sec- 
tion is added to the filter, its reduction factor 
from Fig. 7-8 will be applied to the 0.9% from 
the preceding section; 0.9 X 0.09 = 0.081% (af 
the second section tee the same LC venta as 
the first). 


@ CHOKE-INPUT FILTERS 


Much better voltage regulation results when a 
choke-input filter, as shown in Fig. 7-9, is used. 
Choke input also permits better utilization of the 
rectifier, since a higher load current usually can 
be drawn without exceeding the peak current 
rating of the rectifier. 


Minimum Choke Inductance 


A choke-input filter will tend to act as a capaci- 
tive-input filter unless the input choke has at 
least a certain minimum value of inductance 
called the critical value. This critical value is 
given by 

fae Evours 

Ima. 
where £ is the output voltage of the supply, and 
/ is the current being drawn from the supply. 

If the choke has at least the critical value, the 
output voltage will be limited to the average 
value of the rectified wave at the input to the 
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Fig. 7-9—Choke-input filter circuits. A—Single-section. 
B—Double-section. 


choke (see Fig. 7-2) when the current drawn from 
the supply is small. This is in contrast to the 
capacitive-input filter in which the output volt- 
age tends to soar toward the peak value of the 
rectified wave at light loads. Also, if the input 
choke has at least the critical value, the rectifier 
peak plate current will be limited to about twice 
the d.c..current drawn from the supply. Most 
rectifier tubes have peak-current ratings of three 
to four times their maximum d.c. output-current 
ratings. Therefore, with an input choke of at least 
critical inductance, current up to the maximum 
output-current rating of the rectifier may be 
drawn from the supply without exceeding the 
peak-current rating of the rectifier. 


Minimum-Load—Bleeder Resistance 


From the formula above for critical inductance, 
it is obvious that if no current is drawn from the 
supply, the critical inductance will be infinite. So 
that a practical value of inductance may be used, 
some current must be drawn from the supply at 
all times the supply is in use. From the formula 
we find that this minimum value of current is 


Thus, if the choke has an inductance of 20 h., 
and the output voltage is 2000, the minimum load 
current should be 100 ma. This load may be pro- 
vided, for example, by transmitter stages that 
draw current continuously (stages that are not 
keyed). However, in the majority of cases it will 
be most convenient to adjust the bleeder resist- 
ance so that the bleeder will draw the required 
minimum current. In the above example, the 
bleeder resistance should be 2000/0.1 = 20,000 
ohms. 

From the formula for critical inductance, it is 
seen that when more current is drawn from the 
supply, the critical inductance becomes. less. 
Thus, as an example, when the total current, in- 
cluding the 100 ma. drawn by the bleeder rises to 
400 ma., the choke need have an inductance of 
only 5 h. to maintain the critical value. This is 
fortunate, because chokes having the required in- 
ductance for the bleeder load only and that will 
maintain this value of inductance for much larger 
currents are very expensive. 
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Swinging Chokes 


Less costly chokes are available that will main- 
tain at least critical value of inductance over the 
range of current likely to be drawn from practi- 
cal supplies. These chokes are called swinging 
chokes. As an example, a swinging choke may 
have an inductance rating of 5/25 h. and a cur- 
rent rating of 225 ma. If the supply delivers 1000 
volts, the minimum load current should be 
1000/25 = 40 ma. When the full load current of 
225 ma. is drawn from the supply, the inductance 
will drop to 5 h. The critical inductance for 225 
ma. at 1000 volts is 1000/225 = 4.5 h. Therefore 
the 5/25-h. choke maintains at least the critical 
inductance at the full current rating of 225 ma. 
At all load currents between 40 ma. and 225 ma., 
the choke will adjust its inductance to at least 
the approximate critical value. 

Table 7-I shows the maximum supply output 
voltage that can be used with commonly-avail- 
able swinging chokes to maintain critical induc- 
tance at the maximum current rating of the 
choke. These chokes will also maintain critical 
inductance for any lower values of voltage, or cur- 
rent down to the required minimum drawn by a 
proper bleeder as discussed above. 


TABLE 7-I 


Maz. volts | Maz. R! | Min. ma.2 


13.5K 39 


35 


2750 


1Maximum bleeder resistance for critical inductance. 
2 Minimum current (bleeder) for critical inductance. 


In the case of supplies for higher voltages in 
particular, the limitation on maximum load resist- — 
ance may result in the wasting of an appreciable 
portion of the transformer power capacity in the 
bleeder resistance. Two input chokes in series 
will permit the use of a bleeder of twice the 
resistance, cutting the wasted current in half. 
Another alternative that can be used in a ¢c.w. 
transmitter is to use a very high-resistance 
bleeder for protective purposes and only suf- 
ficient fixed bias on the tubes operating from the 
supply to bring the total current drawn from the 


Component Ratings 


supply, when the key is open, to the value of 
current that the required bleeder resistance 
should draw from the supply. Operating bias is 
brought back up to normal by increasing the 
grid-leak resistance. Thus the entire current ca- 
pacity of the supply (with the exception of the 
small drain of the protective bleeder) can be 
used in operating the transmitter stages. With 
this system, it is advisable to operate the tubes 
at phone, rather than c.w., rating, since the 
average dissipation is increased. 


Output Voltage 


Provided the input-choke inductance is at 
least the critical value, the output voltage may 
be calculated quite closely by the following 
equation: 


He = 0.9F; — Up + It) (ti + Re) — Ex 


where F, is the output voltage; EH; is the r.m.s. 
voltage applied to the rectifier (r.m.s. voltage 
between center-tap and one end of the second- 
ary in the case of the center-tap rectifier); J, 
and J, are the bleeder and load currents, respec- 
tively, in amperes; RF, and fz are the resistances 
of the first and second filter chokes; and E; is the 
drop between rectifier plate and cathode. The 
various voltage drops are shown in Fig. 7-12. At 
no load Jy, is zero, hence the no-load voltage may 
be calculated on the basis of bleeder current only. 
The voltage regulation may be determined from 
the no-load and full-load voltages using the 
formula previously given. 


Ripple with Choke Input 


The percentage ripple output from a single- 
section filter (Fig. 7-9A) may be determined to 
a close approximation, for a ripple frequency of 
120 cycles, from Fig. 7-10. 

Hxample: 6 = 5h. C =-4 uf. EC: = 20: 
From Fig. 7-10, percentage ripple = 7 per cent. 
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Fig. 7-10—Graph showing combinations of inductance 
and capacitance that may be used to reduce ripple with 
a single-section choke-input filter. 


150 200 300 500 


Example: L =5 h. What capacitance is 
needed to reduce the ripple to 1 per cent? Fol- 
lowing the 1l-per-cent line to the right to its 
intersection with the diagonal, thence down- 
ward to the LC scale, read LC = 120. 120/5 = 
24 pf. 


In selecting values for the first filter section, 
the inductance of the choke should be deter- 
mined by the considerations discussed previ- 
ously. Then the capacitor should be selected 
that when combined with the choke inductance 
(minimum inductance in the case of a swinging 
choke) will bring the ripple down to the desired 
value. If it is found impossible to bring the ripple 
down to the desired figure with practical values 
in a single section, a second section can be 
added, as shown in Fig. 7-9B and the reduction 
factor from Fig. 7-8 applied as discussed under 
capacitive-input filters. The second choke should 
not be of the swinging type, but one having a 
more or less constant inductance with changes in 
current (smoothing choke). 


@ oUTPUT CAPACITOR 


If the supply is intended for use with an 
audio-frequency amplifier, the reactance of the 
last filter capacitor should be small (20 per 
cent or less) compared with the other audio- 
frequency resistance or impedance in the circuit, 
usually the tube plate resistance and load resist- 
ance. On the basis of a lower a.f. limit of 100 cycles 
for speech amplification, this condition usually 
is satisfied when the output capacitance (last 
filter capacitor) of the filter has a capacitance of 
4 to 8 uf., the higher value of capacitance being 
used in the case of lower tube and load resistances. 


@ RESONANCE 


Resonance effects in the series circuit across 
the output of the rectifier which is-formed by 
the first choke (Z;) and first filter capacitor 
(Ci) must be avoided, since the ripple voltage 
would build up to large values. This not only is 
the opposite action to that for which the filter 
is intended, but also may cause excessive recti- 
fier peak currents and abnormally high inverse 
peak voltages. For full-wave rectification the 
ripple frequency will be 120 cycles for a 60-cycle 
supply, and resonance will occur when the prod- 
uct of choke inductance in henrys times ¢a- 
pacitor capacitance in microfarads is equal to 
1.77. The corresponding figure for 50-cycle sup- 
ply (100-cycle ripple frequency) is 2.53, and for 
25-cycle supply (50-cycle ripple frequency) 13.5. 
At least twice these products of inductance and 
capacitance should be used to ensure against 
resonance effects. With a swinging choke, the 
minimum rated inductance of the choke should 
be used. 


@ RATINGS OF FILTER COMPONENTS 


Although filter capacitors in a choke-input 
filter are subjected to smaller variations in d.c. 
voltage than in the capacitive-input filter, it is 
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advisable to use capacitors rated for the peak 
transformer voltage in case the bleeder resistor 
should burn out when there is no load on the 
power supply, since the voltage then will rise to 
the same maximum value as it would with a 
filter of the capacitive-input type. 

In a capacitive-input filter, the capacitors 
should have a working-voltage rating at least 
as high, and preferably somewhat higher, than 
the peak-voltage rating of the transformer. 
Thus, in the case of a center-tap rectifier having 
a transformer delivering 550 volts each side of 
the center-tap, the minimum safe capacitor 
voltage rating will be 550 X 1.41 or 775 volts. 
An 800-volt capacitor should be used, or pref- 
erably a 1000-volt unit. 

Filter Capacitors in Serie: 

Filter capacitors are made in several different 
types. Electrolytic capacitors, which are avail- 
able for peak voltages up to about 800, combine 
high capacitance with small size, since the dielec- 
tric is an extremely thin film of oxide on alumi- 
num foil. Capacitors of this type may be con- 
nected in series for higher voltages, although the 
filtering capacitance will be reduced to the re- 
sultant of the two capacitances in series. If this 
arrangement is used, it is important that each 
of the capacitors be shunted with a resistor of 
about 100 ohms per volt of supply voltage, with 
a power rating adequate for the total resistor 
current at that voltage. These resistors may 
serve as all or part of the bleeder resistance (see 
choke-input filters). Capacitors with higher- 
voltage ratings usually are made with a dielectric 
of thin paper impregnated with oil. The working 
voltage of a capacitor is the voltage that it 
will withstand continuously. 


Filter Chokes 


The input choke may be of the swinging type, 
the required minimum no-load and full-load in- 
ductance values being calculated as described 
above. For the second choke (smoothing 
choke) values of 4 to 20 henrys ordinarily are 
used. When filter chokes are placed in the 
positive leads, the negative being grounded, 
the windings should be insulated from the core 
to withstand the full d.c. output voltage of the 
supply and be capable of handling the required 
load current. 

Filter chokes or inductances are wound on 
iron cores, with a small gap in the core to pre- 
vent magnetic saturation of the iron at high 
currents. When the iron becomes saturated its 
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Fig. 7-11—In most applications, the filter chokes may 

be placed in the negative instead of the positive side of 

the circuit. This reduces the danger of a voltage break- 
down between the choke winding and core. 


permeability decreases, consequently the induct- 
ance also decreases. Despite the air gap, the in- 
ductance of a choke usually varies to some extent 
with the direct current flowing in the winding; 
hence it is necessary to specify the inductance 
at the current which the choke is intended to 
carry. Its inductance with little or no direct 
current flowing in the winding may be consid- 
erably higher than the value when full load 
current is flowing. 


& NEGATIVE-LEAD FILTERING 


For many years it has been almost universal 
practice to place filter chokes in the positive 
leads of plate power supplies. This means that 
the insulation between the choke winding and its 
core (which should be grounded to chassis as a 
safety measure) must be adequate to withstand 
the output voltage of the supply. This voltage 
requirement is removed if the chokes are placed 
in the negative lead as shown in Fig. 7-11. With 
this connection, the capacitance of the trans- 
former secondary to ground appears in parallel 
with the filter chokes tending to bypass the 
chokes. However, this effect will be negligible in 
practical application except in cases where the 
output ripple must be reduced to a very low 
figure. Such applications are usually lmited to 
low-voltage devices such as receivers, speech 
amplifiers and v.f.o.’s where insulation is no 
problem and the chokes may be placed in the 
positive side in the conventional manner. In 
higher-voltage applications, there is no reason 
why the filter chokes should not be placed in the 
negative lead to reduce insulation requirements. 
Choke terminals, negative capacitor terminals 
and the transformer center-tap terminal should 
be well protected against accidental contact, 
since these will assume full supply voltage to 
chassis should a choke burn out or the chassis 
connection fail. 


Plate and Filament Transformers 


Output Voltage 


The output voltage which the plate trans- 
former must deliver depends upon the required 
d.c. load voltage and the type of filter circuit. 

With a choke-input filter, the required r.m.s. 
secondary voltage (each side of center-tap for a 
center-tap rectifier) can be calculated by the 
equation: 
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where E, is the required d.c. output voltage, 
I is the load current (including bleeder current) 
in amperes, 2; and Re are the d.c. resistances of 
the chokes, and EH, is the voltage drop in the 
rectifier. H, is the full-load r.m.s. secondary 
voltage; the open-circuit voltage usually will be 


Transformers 


Fig. 7-12—Diagram showing various 
voltage drops that must be taken into 
consideration in determining the re- 
quired transformer voltage to deliver 
the desired output voltage. PRI 


5 to 10 per cent higher than the full-load value. 
The approximate transformer output voltage 
required to give a desired d.c. output voltage 
with a given load with a capacitive-input filter 
system can be calculated with Fig. 7-12. 
Example: 
Required d.c. output volts — 500 


Load current to be drawn — 100 ma. (0.1 amp) 
Load resistance = a = 5000 ohms. 

If the rectifier resistance is 200 ohms, Fig. 7-5 
shows that the ratio of d.c. volts to the required 
transformer r.m.s. voltage is approximately 1.15. 

The required transformer terminal voltage 
under load with chokes of 200 and 300 ohms is 


Bo +1 (mitt Be) 


1.15 


Be = 


= 500 + 0.1 ( 200 + 300 + 200 | 


1.15 
570 


= — = 495 volts. 
105 


Volt-Ampere Rating 


The volt-ampere rating of the transformer 
depends upon the type of filter (capacitive or 
choke input). With a capacitive-input filter the 
heating effect in the secondary is higher because 
of the high ratio of peak to average current, 
consequently the volt-amperes handled by the 
transformer may be several times the watts de- 
livered to the load. With a choke-input filter, 
provided the input choke has at least the critical 
inductance, the secondary volt-amperes ean be 
calculated quite closely by the equation: 


Sec. V.A. = 0.00075HI 


where L is the total r.m.s. voltage of the sec- 
ondary (between the outside ends in the case 
of a center-tapped winding) and J is the d.c. 
output current in milliamperes (load current 
plus bleeder current). The primary volt-amperes 
will be 10 to 20 per cent higher because of 
transformer losses. 


Broadcast & Television Replacement Trans- 
formers in Amateur Transmitter Service 


Small power transformers of the type sold for 


replacement in broadcast and television receivers 
are usually designed for service in terms of use 
for several hours continuously with capacitor- 
input filters. In the usual type of amateur trans- 
mitter service, where most of the power is drawn 
intermittently for periods of several] minutes with 
equivalent intervals in between, the published 
ratings can be exceeded without excessive trans- 
former heating. 

With capacitor input, it should be safe to draw 
20 to 30 per cent more current than the rated 
value. With a choke-input filter, an increase in 
current of about 50 per cent is permissible. If a 
bridge rectifier is used (with a choke-input filter) 
the output vo)tage will be approximately doubled. 
In this case, it should be possible in amateur 
transmitter service to draw the rated current, 
thus obtaining about twice the rated output 
power from the transformer. 

This does not apply, of course, to amateur 
transmitter plate transformers which are usually 
already rated for intermittent service. 


Filament Supply 


Except for tubes designed for battery opera- 
tion, the filaments or heaters of vacuum tubes 
used in both transmitters and receivers are 
universally operated on alternating current ob- 
tained from the power line through a. step- 
down transformer delivering a secondary volt- 
age equal to the rated voltage of the tubes used. 
The transformer should be designed to carry 
the current taken by the number of tubes which 
may be connected in parallel across it. The 
filament or heater transformer generally is 
center-tapped, to provide a balanced circuit for 
eliminating hum, 

For medium- and high-power r.f. stages of 
transmitters, and for high-power audio stages, 
it is desirable to use a separate filament trans- 
former for each section of the transmitter, in- 
stalled near the tube sockets. This avoids the 
necessity for abnormally large wires to carry 
the total filament current for all stages without 
appreciable voltage drop. Maintenance of rated 
filament voltage is highly important, especially 
with thoriated-filament tubes, since under- or 
over-voltage may reduce filament life. 


Typical Power Supplies 


Figs. 7-13 and 7-14 show typical power- 
supply circuits. Fig. 7-13 is for use with trans- 


formers commonly listed as broadcast or tele- 
vision replacement power transformers. In addi- 
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6.3V 


HSVAC 


tion to the high-voltage winding for plate sup- 
ply, these transformers have windings that 
supply filament voltages for both the rectifier 
tube and the 6.3-volt tubes in the receiver or 
low-power transmitter or exciter. Transformers 
of this type may be obtained in ratings up to 
1200 volts r.m.s. center-tapped, 200 d.c. ma. 
output. 

Fig. 7-13 shows a two-section filter with capaci- 
tor input. However, depending upon the maxi- 
mum hum level that may be allowable for a 
particular application, the last capacitor and 
choke may not be needed. In some low-current 
applications, the first capacitor alone may pro- 
vide adequate filtering. Table 7-I1 shows the 
approximate full-load and bleeder-load output 
voltages and a.c. ripple percentages for several 
representative sets of components. Voltage and 
ripple values are given for three points in the 
circuit — Point A (first capacitor only used), 
Point B (last capacitor and choke omitted), and 
Point C (complete two-section filter in use). 


TABLE 7-II 


7—POWER SUPPLIES 


Fig. 7-13—Typical a.c. power- 
supply circuit for receivers, ex- 
citers, or low-power transmit- 
ters. Representative values will 
be found in Table 7-Il. The 
5-volt winding of I should 
have a current rating of at 
least 2 amp. for types 5Y3-GT 
and 5V4-GA, and 3 amp. for 
5U4-GB. 


ela 


In each case, the bleeder resistor R should be 
used across the output. 

Table.7-II also shows approximate output volt- 
ages and ripple percentages for choke-input filters 
(first filter capacitor omitted), for Point B (last 
capacitor and choke omitted), and Point C (com- 
plete two-section filter, first capacitor omitted). 

Actual full-load output voltages may be some- 
what lower than those shown in the table, since 
the voltage drop through the resistance of the 
transformer secondary has not been included. 

Fig. 7-14 shows the conventional circuit of a 
transmitter plate supply for higher powers. A 
full-wave rectifier circuit, half-wave rectifier 
tubes, and separate transformers for high voltage, 
rectifier filaments and transmitter filaments are 
used. The high-voltage transformers used in 
this circuit are usually rated directly in terms of 
d.c. output voltage, assuming rectifiers and filters 
of the type shown in Fig. 7-14. Table 7-III shows 
typical values for representative supplies, based 
on commonly available components. Transformer 


Capacitor-Input Power Supplies 


’ Approximate Approximate | | 
T, Rating 1) ; Approz. | 

1 : C L R aie oe d.c. Ripple % | Output eee 

1 olts at Be Volts |Output 

Tube ne 

Total T Blecder | Ma.* 

F ype 
Volts D.C Load 
R.M.S. te uf. | Volts!) H. |Ohms| Ohms | Watts| A B ¢ A B 
650 40.) 5Y3-GT!| 8 |)600 8 | 400 | 90K STOR eOOn) o404) 2250170108. O1O02 met a0 36 
650 40 | 5V4-GA | 8 | 600 8 | 400 | 90K A410: |- 395 | 375. 1-2-5 | 0..08-|.0.002)|- 24:50 36 
700 GON) SYS=G HL Sees COOSA OF 225 46rs 10 3701535046330) 66 0.1 | 0.002) 460 82 
700 90 | 5V4-GA | 8 | 600 | 10 | 225 | 46K 10 410 | 390 | 370 | 6 0.1 |0.002| 460 82 
750 150 | 5U4-GB | 8 | 700 Srl ADalee2 5K 10 Bom 00H 330.129 0.2 |0.006| 500 136 
750 150 | 5V4-GA | 8 | 700 8 | 145 | 25K 10 425 | 400 | 380 | 9 0.2 |0.006| 500 136 
800 200 | 5U4-GB 8 | 700 8 | 120 | 22K 20 SYA SOO | Bes yy 0.3 0.008| 550 184 
Choke-Input Power Supplies 

650 40 | 5Y3-GT Sa c4 5 OR elon e420 sea SG 10 — | 240 | 225 |.— | 0.8 0.01 265 25 
650 40 | 5V4-GA 8 | 450 | 15 | 420 | 18K 10 —— | 255 | 240 | -—— | 0.8 0.01 280 25 
700 90 | 5Y3-GT Sa} 4508) 10 322258) LEK 10 —— | 240,| 220 | —— | 1.25 | 0.02 250 68 
700 90 | 5V4-GA Sie 450 ALOM S225 al 1k 10 | -—— | 270 | 250 | —— | 1.25 | 0.02 280 68 
750 1504. 5 Y3-Gr 8 | 450°) 12°} 150 |" 18K 20 — | 265 | 245 | —-} 1 0.015 325 125 
750 150 | 5V4-GA 8 | 450 |-12) 150 13K 20 —— | 280 | 260 | — | 1 0.015 340 125 
800 200 | 5U4-GB | 8 | 450 | 12 | 140] 14K 20 — | 275 | 250 | — J] 1 0.015| 350 175 


* Balance of transformer current capacity consumed by bleeder resistor. 


Voltage Dropping 


Fig. 7-14—Conventional power- 
supply circuit for higher-power 
transmitters. 

Ci, Co—4 uf. for approximately 
0.5% output ripple; 2 uf. for 
approximately 1.5% output rip- 
ple. C2 should be 4 uf. if supply 

_is for modulator. 

R—25,000 ohms. 

li—Swinging choke: 5/25 h., 
current rating same as Te. 

L2—Smoothing choke: current 
rating same as Te. 

Ti—2.5 volts, 4 amp., 2500-v. 
ins. for type 816; 2.5 
volts, 10 amp., 10,000-v. 
ins. for 866A. 

Te—D.c. voltage rating same as output voltage. 

Ts—Voltage and current rating to suit transmitter-tube 
requirements. 


N5V AC 


BE 


Vi—Type 816 for 400/500-volt supply; 866A for 
others shown in Table 7-Ill. 
See Table 7-IIl for other values. 


voltages shown are rep- 


presentative for units TABLE 7-III 
with dual-voltage sec- = 7 
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service are designed for 
choke-input. If a ca- 
pacitor-input is used 
rating should be re- 
duced about 30%. 


1 Balance of transformer current rating consumed by bleeder resistor. 
2 Use two 160-watt, 12,500-ohm units in series. 

3 Use five 100-watt, 5000-ohm units in series. 

4 Regulation will be somewhat better with a 400- or 500-ma. choke. 

5 Regulation will be somewhat better with a 550-ma. choke. 


Voltage Dropping 


Seri es Voltage-Dropping Resistor 


Certain plates and screens of the various 
tubes in a transmitter or receiver often require 
a variety of operating voltages differing from 
the output voltage of an available power supply. 
In most cases, it is not economically feasible 
to provide a separate power supply for each of 
the required voltages. If the current drawn 
by an electrode, or combination of electrodes 
operating at the same voltage, is reasonably 
constant under normal operating conditions, 
the required voltage may be obtained from a 
supply of higher voltage by means of a voltage- 
dropping resistor in series, as shown in Fig. 
7-15A. The value of the series, resistor, Ry, may 
= ze where 


I 
Ea is the voltage drop required from the sup- 


be obtained from Ohm’s Law, FR 


ply voltage to the desired voitage and J is the 
total rated current of the load. 


Example: The plate of the tube in one stage 
and the screens of the tubes in two other stages 
require an operating voltage of 250. The nearest 
available supply voltage is 400 and the total of 
the rated plate and screen currents is 75 ma. The 
required resistance is 


The power rating of the resistor is obtained 
from P (watts) = I1?R = (0.075)? (2000) = 11.2 
watts. A 20-watt resistor is the nearest safe 
rating to be used. 


Voltage Dividers 


‘The regulation of the voltage obtained in this 
manner obviously is poor, since any change in 
current through the resistor will cause a di- 
rectly proportional change in the voltage drop 
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Fig. 7-15—A—Series voltage-dropping resistor. B— 
Simple voltage divider. C—Multiple divider circuit. 
E; Fo — E; E— E>, 
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across the resistor. The regulation can be im- 
proved somewhat by connecting a second re- 
sistor from the low-voltage end of the first to 
the negative power-supply terminal, as shown 
in Fig. 7-15B. Such an arrangement constitutes 
a voltage divider. The second resistor, Ro, acts 
as a constant load for the first, Ri, so that 
any variation in current from the tap becomes 
a smaller percentage of the total current through 
R,. The heavier the current drawn by the re- 
sistors when they alone are connected across 
the supply, the better will be the voltage regu- 
lation at the tap. 

Such a voltage divider may have more than 
a single tap for the purpose of obtaining more 
than one value of voltage. A typical arrange- 
ment is shown in Fig. 7-15C. The terminal 
voltage is HE, and two taps are provided to give 
power voltages, H; and Ho, at currents:-/; and [2 
respectively. The smaller the resistance be- 
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tween taps in proportion to the total resistance, 
the smaller the voltage between the taps. For 
convenience, the voltage divider in the figure 
is considered to be made up of separate re- 
sistances R3, Rs, Rs, between taps. R3 carries 
only the bleeder current, /,; R4 carries J; in 
addition to J; Rs carries Jo, J; and I». To cal- 
culate the resistances required, a bleeder cur- 
rent, Jp, must be assumed; generally it is low 
compared with the total load current (10 per 
cent or so). Then the required values can be 
calculated as shown in the caption of Fig. 7-15C, 
I being in decimal parts of an ampere. 

The method may be extended to any desired 
number of taps, each resistance section being 
calculated by Ohm’s Law using the needed vol- 
tage drop acrossit and the total current through 
it. The power dissipated by each section may 
be calculated either by multiplying J and # or 
I? and R. 


Voltage Stabilization 


Gaseous Regulator Tubes 


There is frequent need for maintaining the 
voltage applied to a low-voltage low-current 
circuit at a practically constant value, regard- 
less of the voltage regulation of the power 
supply or variations in load current. In such 
applications, gaseous regulator tubes (0C3/ 
VR105, 0D3/VR150, etc.) can be used to good 
advantage. The voltage drop across such tubes 
_is constant over a moderately wide current 
range. Tubes are available for regulated volt- 
ages near 150, 105, 90 and 75 volts. 

The fundamental circuit for a gaseous regu- 
lator is shown in Fig. 7-16A. The tube is con- 
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Fig. 7-1 6—Voltage-stabilizing circuits using VR tubes. 
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nected in series with a limiting resistor, R4, 
across a source of voltage that must be 
higher than the starting voltage. The starting 
voltage is about 30 to 40 per cent higher than the 
operating voltage. The load is connected in 
parallel with the tube. For stable operation, a 
minimum tube current of 5 to 10 ma. is re- 
quired. The maximum permissible current with 
most types is 40 ma.; consequently, the load 
current cannot exceed 30 to 35 ma. if the volt- 
age is to be stabilized over a range from zero 
to maximum load current. 

The value of the limiting resistor must lie 
between that which just permits minimum 
tube current to flow and that which just passes 
the maximum permissible tube current when 
there is no load current. The latter value is 
generally used. It is given by the equation: 


ae (Es Ey E;) 

bee heel 

where f# is the limiting resistance in ohms, 
Es is the voltage of the source across which the 


tube and resistor are connected, H; is the rated 
voltage drop across the regulator tube, and 


R 
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I is the maximum tube current in amperes, 
(usually 40 ma., or 0.04 amp.). 

Fig. 7-16B shows how two tubes may be 
used in series to give a higher regulated volt- 
age than is obtainable with one, and also to 
give two values of regulated voltage. The lim- 
iting resistor may be calculated as above, using 
the sum of the voltage drops across the two 
tubes for H,. Since the upper tube must carry 
more current than the lower, the load con- 
nected to the low-voltage tap must take small 
current. The total current taken by the loads 
on both the high and low taps should not ex- 
ceed 30 to 35 milliamperes. 

Voltage regulation of the order of 1 per cent 
can be obtained with these regulator circuits. 

A single VR tube may also be used to regulate 
the voltage to a load current of almost any value 
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Fig. 7-18—Circuit diagram of 

an electronically-regulated 

power supply rated at 300 
volts max., 150 ma. max. 


Ci, Co, Cs—16-puf. 600-volt electrolytic. 
C3—0.015-uf. paper. 

C4s—0.1-pf. paper. 

Ri—0.3 megohm, 2 watt. 

Re, Rs—100 ohms, 2 watt. 

R4—510 ohms, 12 watt. 

Rs, Rs—30,000 ohms, 2 watts. 
Re—0.24 megohm, 2 watt. 

R7—0.15 megohm, 2 watt. 


OUTPUT 


Fig. 7-17—Electronic voltage-regu- 
lator circuit. Resistors are Y2 watt unless 
specified otherwise. 


so long as the variation in the current does not 
exceed 30 to 35 ma. If, for example, the average 
load current is 100 ma., a VR tube may be used 
to hold the voltage constant provided the cur- 
rent does not fall below 85 ma. or rise above 115 
ma. In this case, the resistance should be calcu- 
lated to drop the voltage to the VR-tube rating 
at the maximum load current to be expected plus 
about 5 ma. If the load resistance is constant, the 
effects of variations in line voltage may be elimi- 
nated by basing the resistance on the load cur- 
rent plus 15 ma. Voltage-regulator tubes may 
also be connected in parallel as described later 
in this chapter. 


Electronic Voltage Regulation 


Several circuits have been developed for regu- 
lating the voltage output of a power supply elec- 


Ro—9100 ohms, 1 watt. 

Rio—0.1-megohm potentiometer. 

R11 —43,000 ohms, 2 watt. 

Li—8-hy., 40-ma. filter choke. 

Si—S.p.s.t. toggle. 

Ti1—Power transformer: 375-375 voltsr.m.s., 160 ma.; 


6.3 volts, 3 amps.; 5 volts, 3 amps. 
(Thor. 22R33). 
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tronically. While more complicated than the VR- 
tube circuits, they will handle higher voltages and 
currents and the output voltage may be varied 
continuously over a widé.range. In the circuit of 
Fig. 7-17, the 0C3 regulator tube supplies a refer- 
ence of approximately +105 volts for the 6AU6 
control tube. When the load connected across the 
output terminals increases, the output voltage 
tends to decrease. This makes the voltage on the 
control grid of the 6AU6 less positive, causing 
the tube to draw less current through the 2- 
megohm plate resistor. As a consequence the grid 
voltage on the 807 series regulator becomes more 
positive and the voltage drop across the 807 de- 
creases, compensating for the reduction in out- 
put voltage. With the values shown, adjustment 
of Ry will give a regulated output from 150 to 
250 volts, at up to 60 or 70 ma. A 6L6-GB can be 
substituted for the type 807; the available out- 
put current can be increased by adding tubes in 
parallel with the series regulator tube. When this 
is done, 100-chm resistors should be wired to each 
control grid and plate terminal, to reduce the 
chances for parasitic oscillations. 

Another similar regulator circuit is shown in 
Fig. 7-18. The principal difference is that screen- 
erid regulator tubes are used. The fact that a 
screen-grid tube is relatively insensitive to 
changes in plate voltage makes it possible to ob- 
tain a reduction in ripple voltage adequate for 
. Many purposes simply by supplying filtered d.c. 
to the screens with a consequent saving in weight 
and cost. The accompanying table shows the 
performance of the circuit of Fig. 7-18. Column I 
shows various output voltages, while Column II 
shows the maximum current that can be drawn at 
that voltage with negligible variation in output 
voltage. Column III shows the measured ripple 
at the maximum current. The second part of the 
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Table of Performance for Circuit of Fig. 7-18 


8 Peat A gi 
DD eral 


45 ma. 
72 ma. 
97 ma. 
122 ma. 
150 ma. 
150 ma. 


Output voltage — 300 


150 ma. 
Soma 
100 ma. 
15 ma. 
50 ma. 
Dorlas 
10 ma. 


.3 mv. 
.8 my. 
.6 mv. 
oD) tive 
.0 mv. 
3.0 mv. 
.5 mv. 


3 mv. 
4 mv. 
6 mv. 
8 mv. 


3 my. 


table shows the variation in ripple with load cur- 
rent at 300 volts output. 


High-Voltage Regulators 


Regulated screen voltage is required for screen- 
grid tubes used’as linear amplifiers in single-side- 
band operation. Figs. 7-19 through 7-22 show 
various different circuits for supplying regulated 
voltages up to 1200 volts or more. 

In the circuit of Fig. 7-19, gas-filled regulator 
tubes are used to establish a fixed reference 
voltage to which is added an electronically 
regulated variable voltage. The design can be 
modified to give any voltage from 225 volts to 
1200 volts, with each design-center voltage vari- 
able by plus or minus 60 volts. 

The output voltage will depend upon the 
number and voltage ratings of the VR tubes in 
the string between the 991 and ground. The 
total VR-tube voltage rating needed can be 
determined by subtracting 250 volts from the 
desired output voltage. As examples, if the 
desired output voltage is 350, the total VR- 
tube voltage rating should be 350 — 250 = 100 
volts. In this case, a VR-105 would be used. 
For an output voltage of 1000, the VR-tube 
voltage rating should be 1000 — 250 = 750 volts. 
In this case, five VR-150s would be used in 
series. 


150K 


Fig. 7-19—High-voltage regulator circuit by W4PRM. Resistors are 1 watt unless indicated otherwise. 


Ci, Co—4-yf. paper, voltage rating above peak-voltage 
output of Th. 

C3—0.1-yf. paper, 600 volts. 

C4—12-pf. electrolytic, 450 volts. 

Cs—40 pf., voltage rating above d.c. output voltage. 
Can be made up of a combination of electrolytics 
in series, with equalizing resistor. (See section 
on ratings of filter components.) 

Co—4-yf. paper, voltage rating above voltage rating of 
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VR string. 

Ri— 50,000-ohm, 4-watt potentiometer. 

R2—Bleeder resistor, 50,000 to 100,000 ohms, 25 watt 
(not needed if equalizing resistors mentioned 
above are used). 

Ti—See text. 

T2—Filament transformer; 5 volts, 2 amp. 

T3—Filament transformer; 6.3 volts, 1.2 amp. 

V1, V2, V3—See text. 


Voltage Stabilization 


15 V.A.C. 


The maximum voltage output that can be ob- 
tained is approximately equal to 0.7 times the 
r.m.s. voltage of the transformer 7. The current 
rating of the transformer must be somewhat 
above the load current to take care of the 
voltage dividers and bleeder resistances. 

A single 6L6 will handle 90 ma. For larger 
currents, 6L6s may be added in parallel. 

The heater circuit supplying the 6L6 and 
6S5J7 should not be grounded. The shaft of Ry 
should be grounded. When the output voltage 
is above 300 or 400, the potentiometer should 
be provided with an insulating mounting, and 
should be controlled from the panel by an ex- 
tension shaft with an insulated coupling and 
grounded control. 

In some cases where the plate transformer 
has sufficient current-handling capacity, 1t may 
be desirable to operate a screen regulator from 
the plate supply, rather than from a separate 
supply. This can be done if a regulator tube is 
used that can take the required voltage drop. In 
Fig. 7-20, a type 211 or 812A is used, the control 
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Fig. 7-20—Screen regulator circuit de- 
signed by W9OKA. Resistances are in 
ohms (K = 1000). 

Ri—6000 ohms for 211; 2300 ohms 
for 812A, 20 watts. 

R,— 25,000 ohms, 10 watts. 

R3— Output voltage control, 0.1- meg- 
ohm, 2-watt potentiometer. 

Ti—Filament transformer: 10 volts, 
3.25 amp. for 211; 6.3 volts, 
4 amp. for 812A. 

Tz—Filament transformer: 6.3 volts, 
1 amp. 


O 
+500 TO 
7OOV. 


tube being a 6AQ5. With an input voltage of 
1800 to 2000, an output voltage of 500 to 700 
can be obtained with a regulation better than 
1 per cent over a current range of 0 to 100 ma. 
In the circuit of Fig. 7-21, a V-70D (or 8005) 
is used as the regulator, and the control tube is 
an 807 which can take the full output voltage, 
making it unnecessary to raise it above ground 
with VR tubes. If taps are switched on /1, the 
output voltage can be varied over a wide range. 
Increasing the screen voltage decreases the output 
voltage. For each position of the tap on Ry, de- 
creasing the value of R3 will lower the minimum 
output voltage as Re is varied, and decreasing the 


Fig. 7-21—This regulator circuit used by W1SUN oper- 

ates from the plate supply: and requires no VR string. 

A small supply provides screen voltage and reference 

bias for the control tube. 
Unless otherwise marked, resistances are in ohms. 

(K = 1000). Capacitors are electrolytic. 

Ri—50,000-ohm, 50-watt adjustable resistor. 

R2—0.1-megohm 2-watt potentiometer. 

R3—4.7 megohms, 2 watts. 

Ra—O.1 megohm, 2 watt. 

Ti —Power transformer: 470 volts center tapped, 40 ma.; 
5 volts, 2 amps.; 6.3 volts, 2 amps. 

T2—Filament transformer: 7.5 volts, 3.25 amp. (for 
V-70D). 

O 
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value of R4 will raise the maximum output volt- 
age. However, if these values are made too small, 
the 807 will lose control. 

At 850 volts output, the variation over a 
current change of 20 to 80 ma. should be negligi- 
ble. At 1500 volts output with the same current 
change, the variation in output voltage should 
be less than three per cent. Up to 88 volts of grid 
bias for a Class A or Class AB; amplifier may 
be taken from the potentiometer across the refer- 
ence-voltage source. This bias cannot, of course, 
be used for biasing a stage that is drawing grid 
current. 

A somewhat different type of regulator is the 
shunt regulator shown in Fig. 7-22. The VR tubes 
and Rp» in series are across the output. Since the 
voltage drop across the VR tubes is constant, 
any change in output voltage appears across fe. 
This causes a change in grid bias on the 811-A 
grid, causing it to draw more or less current in 
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Fig. 7-22—Shunt screen regulator used by 

W 2AZW. Resistances are in ohms (K = 1000). 

Ci—0.01 uf., 400 volts if needed to suppress 
oscillation. 

Mi—See text. 

Ri—Adjustable wire-wound resistor, resist- 
ance and wattage as required. 


inverse proportion to the current being drawn by 
the amplifier screen. This provides a constant 
load for the series resistor Fj. 

The output voltage is equal to the sum of the 
VR drops plus the grid-to-ground voltage of the 
811-A. This varies from 5 to 20 volts between 
full load and no load. The initial adjustment is 
made by placing a milliammeter in the filament 
center-tap lead, as shown, and adjusting R, for 
a reading of 15 to 20 ma. higher than the normal 
peak screen current. This adjustment should be 
made with the amplifier connected but with no 
excitation, so that the amplifier draws idling 
current. After the adjustment is complete, the 
meter may be removed from the circuit and the 
filament center tap connected directly to ground. 
Adjustment of the tap on /; should, of course, 
be made with the high voltage turned off. 

Any number of VR tubes may be used to pro- 
vide a regulated voltage near the desired value. 
The maximum current through the 811-A should 
be limited to the maximum plate-current rating 
of the tube. If larger currents are necessary, two 
811-As may be connected in parallel. Over a 
current range of 5 to 60 ma., the regulator holds 
the output voltage constant within 10 or 15 volts. 


Bias Supplies 


As discussed in Chapter 6 on high-frequency 
transmitters, the chief function of a bias supply 
for the r.f. stages of a transmitter is that of pro- 
viding protective bias, although under certain 
circumstances, a bias supply, or pack, as it is 
sometimes called, can provide the operating bias 
if desired. 


Simple Bias Packs 


Fig. 7-23A shows the diagram of a simple 
bias supply. Ry should be the recommended 
grid leak for the amplifier tube. No grid leak 
should be used in the transmitter with this 
type of supply. The output voltage of the sup- 
ply, when amplifier grid current is not flowing, 
should be some value between the bias re- 
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quired for plate-current cut-off and the recom- 
mended operating bias for the amplifier tube. 
The transformer peak voltage (1.4 times the 
r.m.s. value) should not exceed the recom- 
mended operating-bias value, otherwise the 
output voltage of the pack will soar above the 
operating-bias value with rated grid current. 

This soaring can be reduced to a considerable 
extent by the use of a voltage divider across 
the transformer secondary, as shown at B. Such 
a system can be used when the transformer volt- 
age is higher than the operating-bias value. The 
tap on Ff» should be adjusted to give amplifier 
cut-off bias at the output terminals. The lower 
the total value of Re, the less the soaring will be 
when grid current flows. 


Voltage Stabilization 
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(A) 
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Fig. 7-23—Simple bias-supply circuits. In A, the peak 

transformer voltage must not exceed the operating value 

of bias. The circuits of B (half-wave) and C (full-wave) 

may be used to reduce transformer voltage to the rectifier. 
Ri is the recommended grid-leak resistance. 
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Fig. 7-24—lllustrating the use of VR tubes in stabilizing 
protective-bias supplies. Ri is a resistor whose value is 
adjusted to ftmit the current through each VR tube to 
5 ma. before amplifier excitation is applied. R and Re 
are current-equalizing resistors of 50 to 1000 ohms. 


A full-wave circuit is shown in Fig. 7-23C. Rs 
and f4 should have the same total resistance and 
the taps should be adjusted symmetrically. In 
all cases, the transformer must be designed to 
furnish the current drawn by these resistors plus 
the current drawn by Fj. 


Regulated Bias Supplies 


The inconvenience of the circuits shown in 
Fig. 7-23 and the difficulty of predicting 
values in practical application can be avoided 
in most cases by the use of gaseous voltage- 
regulator tubes across the output of the bias 
supply, as shown in Fig. 7-24A. A VR tube 
with a voltage rating anywhere between the 
biasing-voltage value which will reduce the in- 
put to the amplifier to a safe level when excita- 
tion is removed, and the operating value of 
bias, should be chosen. FR; is adjusted, with- 
out amplifier excitation, until the VR tube 
ignites and draws about 5 ma. Additional volt- 
age to bring the bias up to the operating value 
when excitation is applied can be obtained 
from a grid leak resistor, as discussed in the 
transmitter chapter. 

Each VR tube will handle 40 ma. of grid cur- 
rent. If the grid current exceeds this value under 
any condition, similar VR tubes should be added 
in parallel, as shown in Fig. 7-24B, for each 40 
ma., or less, of additional grid current. The 
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Fig. 7-25—Circuit diagram of an electronically-regulated bias supply. 


C;—20-pf. 450-volt electrolytic. 
Co—20-yf. 150-volt electrolytic. 
Ri—5000 ohms, 25 watts. 
Re—22,000 ohms, 2 watt. 
R3—68,000 ohms, 2 watt. 
Ra—O.27 megohm, 2 watt. 
Rs—3000 ohms, 5 watts. 
Re—O.12 megohm, 2 watt. 


resistors Ro are for the purpose of helping to 
maintain equal currents through each VR tube, 
and should have a value of 50 to 1000 ohms or 
more. 

If the voltage rating. of a single VR tube is 
not sufficiently high for the purpose, other VR 
tubes may be used in series (or series-parallel if 
required to satisfy grid-current requirements) as 
shown in the diagrams of Fig. 7-24C and D. 

If a single value of fixed bias will serve for 
more than one stage, the biasing terminal of 
each such stage may be connected to a single 
supply of this type, provided only that the 
total grid current of all stages so connected 
does not exceed the current rating of the VR 
tube or tubes. Alternatively, other separate 
VR-tube branches may be added in any de- 
sired combination to the same supply, as in Fig. 
7-24E, to adapt them to the needs of each stage. 

Providing the VR-tube current rating is not 
exceeded, a series arrangement may be tapped 
for lower voltage, as shown at F. 

The circuit diagram of an electronically 
regulated bias-supply is shown in Fig. 7-25. 
The output voltage may be adjusted to any 
value between 40 volts and 80 volts and the 
unit will handle grid currents.up to 35 ma. over 
the range of 50 to 80 volts, and 25 ma. over the 
remainder of the range. If higher current- 
handling capacity is required, more 2A8s can 
be connected in parallel with V3. The regula- 
tion will hold to about 0.01 volt per milliampere 
of grid current. The regulator operates as fol- 
lows: Since the voltage drop across V3 and V4 
is in parallel with the voltage drop across V, 
and Rs, any change in voltage across V3 will 
appear across /?5 because the voltage drops across 
both VR tubes remain constant. Rs is a cathode 
biasing resistor for Ve, so any voltage change 
across it appears as a grid-voltage change on V9. 
This change in grid voltage is amplified by Ve 
and appears across R4 which is connected to the 
plate of V2 and the grids of V3. This change in 
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R7—0.1-megohm potentiometer. 
Rs—27,000 ohms, 2 watt. 
Li—20-hy. 50-ma. filter choke. 
Ti—Power transformer: 350 volts 
r.m.s. each side of center 
50 ma.; 5 volts, 2 amp.; 
6.3 volts, 3 amp. 
T2—2.5-volt filament transformer 
(Thordarson 21FOO). 


voltage swings the grids of V3 more positive or 
negative, and thus varies the internal resistance 
of V3, maintaining the voltage drop across V3 
practically constant. 


Other Sources of Biasing Voltage 


In some cases, it may be convenient to ob- 
tain the biasing voltage from a source other 
than a separate supply. A half-wave rectifier 
may be connected with reversed polarization 
to obtain biasing voltage from a low-voltage 
plate supply, as shown in Fig. 7-26A. In an- 
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Fig. 7-26—Convenient means of obtaining biasing volt- 

age. A—From a low-voltage plate supply. B—From 

spare filament winding. T; is a filament transformer, of a 

voltage output similar to that of the spare filament wind- 

ing, connected in reverse to give 115 volts r.m.s. output. 

If cold-cathode or selenium rectifiers are used, no addi- 
tional filament supply is required. 


other arrangement, shown at B, a spare fila- 
ment winding can be used to operate a filament 
transformer of similar voltage rating in reverse 
to obtain a voltage of about 130 from the 
winding that is customarily the primary. This 


Voltage Multiplying 


will be sufficient to operate a VR75 or VR90 
regulator tube. 

A bias supply of any of the types discussed 
requires relatively little filtering, if the output- 
terminal peak voltage does not approach the 
operating-bias value, because the effect of the 
supply is entirely or largely “‘washed out’’ when 
grid current flows. 


& VOLTAGE-MULTIPLYING CIRCUITS 


Although vacuum-tube rectifiers can be used 
in voltage-multiplying circuits, the more common 
application is with selenium, silicon and germa- 
nium diodes. The choice of diodes is based on the 
voltage and current requirements; selenium is 
normally used up to a source voltage of 130, and 
above that it becomes necessary to use silicon. 

A simple half-wave rectifier circuit is shown 
in Fig. 7-27A. Strictly speaking this is not a 
voltage-multiplying circuit. However, if the cur- 
rent demand is low (a milliampere or so), the d.c. 
output voltage will be close to the peak voltage 
of the source, or 1.4H# rms. A typical application 
of the circuit would be to obtain a low bias volt- 
age from a heater winding; the + side of the out- 
put can be grounded by reversing the polarity 
of the rectifier and capacitor, as shown in Fig. 
7-27B. As with all half-wave rectifiers, the output 
voltage drops quickly with increased current 
demand. 
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Fig. 7-27—If the current demand is low, a simple half- 
wave rectifier will deliver a slight voltage increase. Re- 
versing the polarity of the rectifier (B) allows the + side 
of the output to be grounded. Typical values, for E rms= 
117 and a load current of 75 ma.: 

Ci— 50-uf., 150-v. electrolytic. 

E output— | 30 volts. 

Ri— 22 ohms. 


The resistor R, in Fig. 7-27 is included to limit 
the current through the rectifier, in accordance 
with the manufacturer’s rating for the diode. 
If the resistance of the transformer winding is 
sufficient, Ry can be omitted. 

A voltage-doubling circuit is shown in Fig. 
7-28A. If the current demand is extremely low, 
the output voltage will be higher than indicated, 
but with any reasonable current drain the output 
voltage will be slightly over twice the a.c. input. 


Fig: 7-28—Voltage-doubling circuits. Typical values, for 
Evms = 117 and a load current of 75 ma:: 

C:—50-yuf. 150-v. electrolytic. 

C2—50-uf. 250-v. electrolytic. 

E output—245 volts. 

Ri—22 ohms. 


In Fig. 7-28A, C, charges through CR, during one 
half of the a.c. cycle; CR2 is nonconductive at 
this time. During the other half of the cycle CR2 
conducts and C2 becomes charged; they see as the 
source the transformer plus the charge in (C}. 
By reversing the polarities of the capacitors and 
diodes, as shown in Fig. 7-28B, the + side of 
the output can be grounded. 

A voltage-tripling circuit is shown in Fig. 7- 
29A. On one half of the a.c. cycle CR, conducts 


R, c 


CR; 
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Fig....7-29—(A) Voltage-tripling and (B, C) voltage- 
quadrupling circuits. Typical values, for Erms = 117 
and a load current of 75 ma.: 

Ci—50-uf. 150-v. electrolytic. 

C2—50-yf. 250-v. electrolytic. 

C3, Ca—50-uf. 450-v. electrolytic. 

Ri—22 ohms, 
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and C, is charged to the source voltage. On the 
opposite half of the cycle CR conducts and C2 is 
charged to twice the source voltage, because it 
sees the transformer plus the charge in Cj as the 
source. At the same time CR conducts and, with 
the transformer and the charge in C2 as the 
source, C3 is charged to three times the transformer 
voltage. The + side of the output can be grounded 
if the polarities of all of the capacitors and diodes 
are reversed. 

A voltage-quadrupling circuit is shown in 
Fig. 7-29B. On the negative half of the a.c. 
cycle, when Ems is negative with respect to 
ground, C; charges through C’R,. On the positive 
half of the cycle, Ce charges through CR: to 
twice EHrms, seeing Erms and Cj as the source. On 
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the negative half of the cycle, C3 charges through 
CR3 to 3E rms, seeing Hyms and C2 as the source. 
On the positive half of the cycle the output ca- 
pacitance, C4, charges to 4H#ims through C4, 
seeing Hrms and C3 as the source. The variation 
in Fig. 7-29C is similar, except that the output 
capacitor is made up of the two Cs in series. 
The lower C> serves the function of C2 in Fig. 
7-29B. The polarity of the output can be reversed, 
to permit grounding of the + terminal, by re- 
versing the polarities of all diodes and capacitors. 
The values of capacitance given for the voltage- 
multiplying circuits are what might be required 
for Erms = 115 and a load of 75 ma. Larger values 
will improve the voltage regulation, and smaller 
values may be used at a sacrifice in regulation. 


Power-Line Considerations 


@ POWER-LINE CONNECTIONS 


If the transmitter is rated at much more 
than 100 watts, special consideration should be 
given to the a.c. line running into the station. 
In some residential systems, three wires are 
brought in from the outside to the distribution 
board, while in other systems there are only 
two wires. In the three-wire system, the third 
wire is the neutral which is grounded. The 
voltage between the other two wires normally 
is 230, while half of this voltage (115) appears 
between each of these wires and neutral, as 
indicated in Fig. 7-30A. In systems of this 
type, usually it will be found that the 115- 
volt household load is divided as evenly as 
possible between the two sides of the circuit, 
half of the load being connected between one 
wire and the neutral, while the other half of 
the load is connected between the other wire 
and neutral. Heavy appliances, such as electric 
stoves and heaters, normally are designed for 
230-volt operation and therefore are connected 
across the two ungrounded wires. While both 
ungrounded wires should be fused, a fuse 
should never be used in the wire to the neutral, 
nor should a switch be used in this side of the 
line. The reason for this is that opening the 
neutral wire does not disconnect the equip- 
ment. It simply leaves the equipment on one 
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side of the 230-volt circuit in series with what- 
ever load may be across the other side of the 
circuit, as shown in Fig. 7-30B. Furthermore, 
with the neutral open, the voltage will then be 
divided between the two sides in inverse propor- 
tion to the load resistance, the voltage on one side 
dropping below normal, while it soars on the 
other side, unless the loads happen to be equal. 

The usual line running to baseboard outlets 
is rated at 15 amperes. Considering the power 
consumed by filaments, lamps, modulator, re- 
ceiver and other auxiliary equipment, it is not 
unusual to find this 15-ampere rating exceeded 
by the requirements of a station of only mod- 
erate power. It must also be kept in mind that 
the same branch may be in use for other house- 
hold purposes through another outlet. For this 
reason, and to minimize light blinking when 
keying or modulating the transmitter, a sepa- 
rate heavier line should be run from the dis- 
tribution board to the station whenever 
possible. (A three-volt drop in line voltage 
will cause noticeable light blinking.) 

If the system is of the three-wire type, the 
three wires should be brought into the station 
so that the load can be distributed to keep the 
line balanced. The voltage across a fixed load 
on one side of the circuit will increase as the 
load current on the other side is increased. 
The rate of increase will depend upon the resist- 


(C) 


Fig. 7-30—Three-wire power-line circuits. A—Normal 3-wire-line termination. No fuse should be used in the grounded 

(neutral) line. B—Showing that a switchin the neutral does not remove voltage from ether side of the line. C—Connections 

for both 115- and 230-volt transformers. D—Operating a 115-volt plate transformer from the 230-volt line to avoid 
light blinking. Ti is a 2-to-1 step-down transformer. 
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ance introduced by the neutral wire. If the 
resistance of the neutral is low, the increase 
will be correspondingly small. When the cur- 
rents in the two circuits are balanced, no current 
flows in the neutral wire and the system is 
operating at maximum efficiency. 

Light blinking can be minimized by using 
transformers with 230-volt primaries in the 
power supplies for the keyed or intermittent part 
of the load, connecting them across the two 
ungrounded wires with no connection to the 
neutral, as shown in Fig. 7-30C. The same 
can be accomplished by the insertion of a step- 
down transformer whose primary operates at 
230 volts and whose secondary delivers 115 
volts. Conventional 115-volt transformers 
may be operated from the secondary of the 
step-down transformer (see Fig. 7-30D). 

When a special heavy-duty line is to be in- 
stalled, the local power company should be 
consulted as to local requirements. In some 
localities it is necessary to have such a job 
done by a licensed electrician, and there may 
be special requirements to be met in regard to 
fittings and the manner of installation. Some 
amateurs terminate the special line to the 
station at a switch box, while others may use 
electric-stove receptacles as the termination. The 
power is then distributed around the station by 
means of conventional outlets at convenient. 
points. All circuits should be properly fused. 


Fusing 


All transformer primary circuits should be 
properly fused. To determine the approximate 
current rating of the fuse to be used, multiply 
each current being drawn from the supply in 
amperes by the voltage at which the current is 
being drawn. Include the current taken by 
bleeder resistances and voltage dividers. In 
the case of series resistors, use the source voltage, 
not the voltage at the equipment end of the 
resistor. Include filament power if the transformer 
is supplying filaments. After multiplying the 
various voltages and currents, add the individual 
products. Then divide by the line voltage and 
add 10 or 20 per cent. Use a fuse with the nearest 
larger current rating. 


@ LINE-VOLTAGE ADJUSTMENT 

In certain communities trouble is sometimes 
experienced from fluctuations in line voltage. 
Usually these fluctuations are caused by a 
variation in the load on the line and, since 
most of the variation comes at certain fixed 
times of the day or night, such as the times 
when lights are turned on at evening, they may 
be taken care of by the use of a manually 
operated compensating device. A simple ar- 
rangement is shown in Fig. 7-31A. A toy trans- 
former is used to boost or buck the line voltage 
as required. The transformer should have a 
tapped secondary varying between 6 and 20 
volts in steps of 2 or 3 volts and its secondary 
should be capable of carrying the full load cur- 
rent of the entire transmitter, or that portion 
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Fig. 7-31—Two methods of transformer primary control. 

At A is a tapped toy transformer which may be connected 

so as to boost or buck the line voltage as required. At B 

is indicated a variable transformer or autotransformer 
(Variac) which feeds the transformer primaries. 

of it fed by the toy transformer. 

The secondary is connected in series with the 
line voltage and, if the phasing of the windings 
is correct, the voltage applied to the primaries 
of the transmitter transformers can be brought 
up to the rated 115 volts by setting the toy-trans- 
former tap switch on the right tap. If the 
phasing of the two windings of the toy trans- 
former happens to be reversed, the voltage wil! 
be reduced instead of increased. This connec- 
tion may be used in cases where the line voltage 
may be above 115 volts. This method is pref- 
erable to using a resistor in the primary of a 
power transformer since it does not affect the 
voltage regulation as seriously. The circuit of 
7-31B illustrates the use of a variable autotrans- 
former (Variac) for adjusting line voltage. 

Another scheme by which the primary volt- 
age of each transformer in the transmitter may 
be adjusted to give a desired secondary voltage, 
with a master control for compensating for 
changes in line voltage, is shown in Fig. 7-32. 

This arrangement has the following features: 
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Fig. 7-32—With this circuit, a single adjustment 
of the tap switch Si places the correct primary 
voltage on all transformers in the transmitter. 
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1) Adjustment of the switch S; to make the 
voltmeter read 105 volts automatically adjusts 
all transformer primaries to the predetermined 
correct voltage. 

2) The necessity for having all primaries 
work at the same voltage is eliminated. Thus, 
110 volts can be applied to the primary of one 
transformer, 115 to another, etc., as required to 
obtain the desired output voltage. 

3) Independent control of the plate trans- 
former is afforded by the tap switch Sg. This 
permits power-input control and does not re- 
quire an extra autotransformer. 
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Constant-Voltage Transformers 


Although comparatively expensive, special 
transformers called constant-voltage transform- 
ers are available for use in cases where it is 
necessary to hold line voltage and/or filament 
voltage constant with fluctuating supply-line 
voltage. They are rated ever a range of 17 v.a. 
at 6.3 volts output, for small tube-heater de- 
mands, up to several thousand volt-amperes at 
115 or 230 volts. In average figures, such trans- 
formers will hold their output voltages within 
one per cent under an input-voltage variation 
of 30 per cent. 


Construction of Power Supplies 


The length of most leads in a power supply 
is unimportant, so that the arrangement of 
components from this consideration is not a 
factor in construction. More important are 
the points of good high-voltage insulation, 
adequate conductor size for filament wiring, 
proper ventilation for rectifier tubes and — 
most important of all — safety to the operator. 
[ixposed high-voltage terminals or wiring 
which might be bumped into aécidentally 
should not be permitted to exist. They should 
be covered with adequate insulation or placed 
inaccessible to contact during normal opera- 
tion and adjustment of the transmitter. Power- 
supply units should be fused individually. All 
negative terminals of plate supplies and positive 
terminals of bias supplies should be sécurely 
grounded to the chassis, and the chassis connected 
to a waterpipe or radiator ground. All trans- 
former, choke, and capacitor cases should also 
be grounded to the chassis. A.c. power cords and 
chassis cormectors should be arranged so that ex- 
posed contacts are never “‘live.’’ Starting at the 
conventional a.c. wall outlet which is female, one 
end of the cord should be fitted with a male plug. 
The other end of the cord should have a female 
receptacle. The input connector of the power 
supply should have a male receptacle to fit the 


two a.c. connectors permit independent control of filament 
and high voltage. 
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female receptacle of the cord. The power-output 
connector on the power supply should be a female 
socket. A male plug to fit this socket should be 
connected to the cable going to the equipment. 
The opposite end of the cable should be fitted 
with a female connector, and the series should 
terminate with a male connector on the equip- 
ment. If connections are made in this manner, 
there should be no ‘‘live’”’ exposed contacts at 
any point, regardless of where a disconnection 
may be made. 

Rectifier filament leads should be kept short 
to assure proper voltage at the rectifier socket. 
Through a metal chassis, grommet-lined clear- 
ance holes will serve for voltages up to 500 or 
750, but ceramic  feed-through insulators 
should be used for higher voltages. Bleeder and 
voltage-dropping resistors should be placed 
where they are open to air circulation. Placing 
them in confined space reduces the rating. 

It is highly preferable from the standpoint 
of operating convenience to have separate 
filament transformers for the rectifier tubes, 
rather than to use combination filament and 
plate transformers, such as those used in re- 
ceivers. This permits the transmitter plate 
voltage to be switched on without the necessity 
for waiting for rectifier filaments to come up 
to temperature after each time the high voltage 
has been turned off. When using a combination 
power transformer, high voltage may be turned 
off without turning the filaments off by using 


Fig. 7-34. A bottom view of the low-voltage power 
supply. The separate filament transformer is mounted 
against the lower wall of the chassis. The electrolytic filter 
capacitors are mounted on terminal strips. Rubber 
grommets are used where wires pass through the chassis. 


Power Supply Construction 


Fig. 7-35—A typical high-voltage 
supply. The sockets for the 866A 
mercury-vapor rectifier tubes are 
spaced from the metal chassis by 
small cone insulators. Note the 
insulated tube plate connectors, 
the safety high-voltage output 
terminal and the fuse. 


a switch between the transformer center tap 
and chassis. This switch should be of the rotary 
type with good insulation between contacts. 
The shaft of the switch must be grounded. 


@ SAFETY PRECAUTIONS 


All power supplies in an installation should 
be fed through a single main power-line switch 
so that all power may be cut off quickly, either 
before working on the equipment, or in case 
of an accident. Spring-operated switches or relays 
are not sufficiently reliable for this important 
service. Foolproof devices for cutting off allpower 
to the transmitter and other equipment are shown 
in Fig. 7-37. The arrangements shown in Fig. 7- 
37A and B are similar circuits for two-wire (115- 
volt) and three-wire (230-volt) systems. S is an 
enclosed double-throw knife switch of the sort 
usually used as the entrance switch in house 
installations. J is a standard a.c. outlet and P a 
shorted plug to fit the outlet. The switch should 
be located prominently in plain sight and mem- 
bers of the household should be instructed in its 


Fig. 7-36—Bottom view of the high-voltage supply. The 
electrolytic capacitors (connected in series) are mounted 
on an insulating board. Voltage-equalizing resistors are 
connected across each capacitor. Separate input con- 
nectors are provided for filament and plate power. 


location and use. / is a red lamp located alongside 
the switch. Its purpose is not so much to serve 
as a warning that the power is on as it is to help 
in identifying and quickly locating the switch 
should it become necessary for someone else to 
cut the power off in an emergency. 


Fig. 7-37—Reliable arrangements for cutting off all 
power to the transmitter. S is an enclosed double-pole 
knife-type switch, J a standard a.c. outlet. P a shorted 
plug to fit the outlet and | a red lamp. 

A is for a two-wire 115-volt line, B for a three-wire 
230-volt system, and C a simplified arrangement for 
low-power stations. 
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The outlet J should be placed in some corner 
out of sight where it will not be a temptation for 
children or others to play with. The shorting plug 
can be removed to open the power circuit if there 
are others around who might inadvertently throw 
the switch while the operator is working on the 
rig. If the operator takes the plug with him, it 
will prevent someone from turning on the power 
in his absence and either injuring themselves or 


the equipment or perhaps starting fire. Of ut- 
most importance is the fact that the outlet’J. mast 3 


be placed in the ungrounded side of thetine.’ 

Those who are operating low power and feel 
that the expense or complication of*the switch 
isn’t warranted can use the shorted-plug idea as 
the main power switch. In this case, the outlet 
should be located prominently and identified by 
a signal light, as shown in Fig. 7-87C. 

The test bench ought to be fed through the 
main power switch, or a.similar arrangement at 
the bench, if the bench is located remote from 
the transmitter. 

A bleeder resistor with a power rating giving 
a considerable margin of safety should be used 
across the output-of all transmitter power sup- 
plies so that the filter capacitors will be dis- 
charged when the high-voltage transformer is 
turned off. 
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Selenium-Rectifier Table 


All types listed below are rated as follows: Max. 
input r.m.s. volts — 130, Max. peak inverse volts 
— 380. Series resistors of 47 ohms are recom- 
mended for units rated at less than 65 ma., 22 
ohms for 75- and 100-ma. units, 15 ohms for 150-ma. 
units, and 5 ohms for all higher-current units. 


Manufacturer 
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8520 
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RS65 6865 8J1 65 
RS75 6875 5M4 75 
RS100 68100 100 
RS150 65150 150 
RS200 68200 200 
RS250 68250 250 
RS300 68300 300 
RS350 68350 are 
RS400 | 68400 400 
RS450) 2 6S450 si ee eeieeas 
RS500 | 68500 500 
ean ewe dac't aaiehe's St ROOD. 
RS1000 ee 
A — Federal. B — International. C— Mallory. 


D — Radio Receptor. E — Sarkes-Tarzian. F — 
Sylvania. 


CHAPTER 8 


Keying and Break-In 


Section 12.183 of the FCC regulations says 
“.. . The frequency of the emitted . . . wave 
shall be as constant as the state of the art per- 
mits.’’ It also says “‘. . . spurious radiation shall 
not be of sufficient intensity to cause interference 
in receiving equipment of good engineering de- 
sign including adequate selectivity character- 
istics, which is tuned to a frequency or frequencies 
outside the frequency band of emission normally 
required for the type of emission being employed 
by the amateur station.”’ 

There are four factors that have to be consid- 
ered in the keying of a transmitter. They are en- 
velope shape, r.f. clicks, chirp and backwave. 


Envelope Shape 


The key clicks that go out on the air with the 
signal are controlled by the shape of the envelope 
of the signal. The envelope is the outline of the 
oscilloscope pattern of your transmitter output, 
but an oscilloscope isn’t needed to observe the 
effects. Fig. 8-1 shows representative scope pat- 
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Fig. 8-1—Typical oscilloscope displays of a code trans- 
mitter. The rectangular-shaped dots or dashes (A) have 
serious key clicks extending many kc. either side of the 
transmitter frequency. Using proper shaping circuits in- 
creases the rise and decay times to give signals with the 
envelope form of B. This signal would have practically no 
key clicks. Carrying the shaping process too far, as in C, 
results in a signal that is too ‘‘soft’’ and is not easy to copy. 

Oscilloscope displays of this type are obtained by 
coupling the transmitter r.f. to the vertical plates (Chapter 
21) and using a slow sweep speed synchronized to the dot 
or dash speed of an automatic key. 


terns that might be obtained with a given trans- 
mitter under various conditions. 

It must be emphasized that the on-the-air clicks 
are determined by the shaping, while the r.f. clicks 
caused by the spark at the key can only be heard 

in the station receiver and possibly a broadcast 
receiver in the same house or apartment. 


R.F. Clicks 


When any circuit carrying d.c. or a.c. is closed 
or broken, the small or large spark (depending 
upon the voltage and current) generates r.f. dur- 
ing the instant of make or break. This r.f. covers 
a frequency range of many megacycles. When a 


transmitter is keyed, the spark at the key (and 
relay, if used) causes a click in the receiver. This 
click has no effect on the transmitted signal. Since 
it occurs at the same time that a click (if any) 
appears on the transmitter output, it must be 
removed if one is to listen critically to his own 
signal within the shack. A small r.f. filter is re- 
quired at the contacts of the key (and relay); 
typical circuits and values are shown in Fig. 8-2. 
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Fig. 8-2—Typical filter circuits to apply at the key (and 
relay, if used) to minimize r.f. clicks. The simplest circuit 
(A) is a small capacitor mounted at the key. If this proves 
insufficient, an r.f. choke can be added to the ungrounded 
lead (B). The value of Ci is .001 to .01 wf., RFC; can be 
0.5 to 2.5 mh., with a current-carrying ability sufficient 
for the current in the keyed circuit. In difficult cases another 
small capacitor may be required on the other side of the 
r.f. choke. In all cases the r.f. filter should be mounted right 
at the key or relay terminals; sometimes the filter can be 
concealed under the key. When cathode or center-tap key- 
ing is used, the resistance of the r.f. choke or chokes will 
add cathode bias to the keyed stage, and in this case at 
high-current low-resistance choke may be required, or com- 
pensating reduction of the grid-leak bias (if it is used) 
may be needed. Shielded wire or coaxial cable makes a 
good keying lead. 

A visible spark on “‘make’’ can often be reduced by the 
addition of a small (10 to 100 ohms) resistor in series 
with Ci (inserted at point ‘'x’’). Too high a value of resistor 
reduces the arc-suppressing effect on ‘‘break.” 


To check the effectiveness of the r.f. filter, listen 
on a lower-frequency band than the transmitter 
is tuned to, with a short antenna and the receiver 
gain backed off. 


Chirp 


The frequency-stability reference in the open- 
ing paragraph refers to the ‘“‘chirp”’ observed on 
many signals. This is caused by a change in fre- 
quency of the signal during a single dot or dash. 
Chirp is an easy thing to detect if you know how 
to listen for it, although it is amazing how some 
operators will listen to a signal and say it has 
no chirp when it actually has. The easiest way 
to detect chirp is to tune in the code signal at 
a low beat note and listen for any change in 
frequency during a dash. The lower the beat 
note, the easier it is to detect the frequency 
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change. Listening to a harmonic of the signal 
will accentuate the frequency change. 

The main reason for minimizing chirp, aside 
from complying with the letter of the regulations, 
is one of pride, since a properly shaped chirp-free 
signal is a pleasure to copy and is likely to attract 
attention by its rarity. Chirps cannot be observed 
on an oscilloscope pattern of the envelope. 
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se aan with acceptable shaping and no chirp. 
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Fig. 8-3—The basic cathode (A) and center-tap (B) keying 
circuits. In either case Ci is the r.f. return to ground, shunted 
by a larger capacitor, C2, for shaping. Voltage ratings at 
least equal to the cut-off voltage of the tube are required. 
Ti is the normal filament transformer. Ci and C3 can be 
about 0.01 yf. 

The shaping of the signal is controlled by the values 
of Li and Co. Increased capacitance at C2 will make the 
signal softer on break; increased inductance at Li will 
make the signal softer on make. In many cases the make 
will be satisfactory without any inductance. 

Values at Co will range from 0.5 to 4 uf., depending 
upon the tube type and operating conditions. The value 
of L; will also vary with tube type and conditions, and 
may range from a fraction of a henry to several henrys. 
When tetrodes or pentodes are keyed in this manner, a 
smaller value can sometimes be used at Co if the screen- 
voltage supply is fixed and not obtained from the plate 
supply through a dropping resistor. 

Oscillators keyed in the cathode circuit cannot be soft- 
ened on break indefinitely by increasing the value of C2 
because the grid-circuit time constant enters into the action. 


Backwave 


The last factor is “‘backwave,”’ a signal during 
key-up conditions from some amplifier-keyed 
transmitters. Some operators listening in the 
shack to their own signals and hearing a back- 
wave think that the backwave can be heard on 
the air. It isn’t necessarily so, and the best way 
to check is with an amateur a mile or more away. 
If he can’t hear a backwave on the S9-+ signal, 
you can be sure that it isn’t there when the signal 
is weaker. Backwave is undesirable because it 
makes a signal harder to copy, even 


Amplifier Keying 


Many two-, three- and even four- 


To Se abla at stage transmitters are utterly incapable 


of completely chirp-free amplifier key- 


uae ing because keying the output stage 


has an effect on the oscillator frequency 


-- and ‘‘pulls” through the several stages. 


This is particularly true when the 
oscillator stage is on the same frequency 
as the keyed output stage, but it can 
also happen when frequency multiply- 
ing is involved. Another source of reac- 


Fig. 8-4—The basic circuit for blocked-grid keying is shown at A. 
R; is the normal grid leak, and the blocking voltage must be at least 
several times the normal grid bias. The click on make can be reduced 
by making C; larger, and the click on break can be reduced by mak- 
ing Re larger. Usually the value of Re will be 5 to 20 times the re- 
sistance of Ri. The power supply current requirement depends upon 
the value of R2, since closing the key circuit places Re across the blocking 
voltage supply. 

An allied circuit is the vacuum-tube keyer of B. The tube V; is con- 
nected in the cathode circuit of the stage to be keyed. The values of 
Ci, Ri and R2 determine the keying envelope in the same way that 
they do for blocked-grid keying. Values to start with might be 0.47 
megohm for Ri, 4.7 megohm for Re and 0.0047 uf. for Ci. 

The blocking voltage supply must deliver several hundred volts, 
but the current drain is very low. The 2A3 or other low plate-resistance 
triode is suitable for Vi. To increase the current-carrying ability of a 
tube keyer, several tubes can be connected in parallel. 

A vacuum-tube keyer adds cathode bias and drops the supply 
voltages to the keyed stage and will reduce the output of the stage. 
In oscillator keying it may be impossible to use a v.t. keyer without 
changing the oscillator d.c. grid return from ground to cathode. 
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tion is the variation in oscillator supply 
voltage under keying conditions, al- 
though this can usually be handled by 
stabilizing the oscillator supply with 
a VR tube. If the objective is a com- 
pletely chirp-free transmitter, the first 
step is to make sure that keying the 
amplifier stage (or stages) has no effect 
on the oscillator frequency. This can be 
checked by listening on the oscillator 
frequency while the amplifier stage is 
keyed. Listen for chirp on either side of 
zero beat to eliminate the possible 
effect of a chirpy receiver caused by 
line-voltage changes or pulling. If no 
chirp of the steadily running oscillator 
can be detected, the transmitter can be 
keyed without chirp in the stage or 
stages used for the test. This is no 


Vacuum-Tube Keyers 


DRIVER 


FINAL 


Excitation 


Fig. 8-5— When the driver stage plate voltage is roughly 
the same as the screen voltage of a tetrode final ampli- 
fier, combined screen and driver keying is an excellent 
system. The envelope shaping is determined by the values 
of Li, C4, and R3, although the r.f. bypass capacitors 
Ci, C2 and C3 also have a slight effect. Ri serves as an 
excitation control for the final amplifier, by controlling 
the screen voltage of the driver stage. If a triode driver is 
used, its plate voltage can be varied for excitation control. 

The inductor Li will not be too critical, and the secondary 
of a spare filament transformer can be used if a !ow-induct- 
ance choke is not available. The values of Cs and Rz3 will 
depend upon the inductance and the voltage and current 
levels, but good starting values are 0.1 uf. and 50 ohms. 

To minimize the possibility of electrical shock, it is recom- 
mended that a keying relay be used in this circuit, since 
both sides of the circuit are “hot.”” As in any transmitter, 
the signal will be chirp-free only if keying the driver stage 
has no effect on the oscillator frequency. 

(The Sigma 41FZ-35-ACS-SIL 6-volt a.c. relay is well- 
suited for keying applications.) 


assurance that the transmitter can be keved 
without chirp in an earlier stage until the same 
test is passed by the earlier stage. 

An amplifier can be keyed by any method that 
reduces the output to zero. Neutralized stages 
can be keyed in the cathode circuit, although 
where powers over 50 or 75 watts are involved it 
is often desirable to use a keying relay or vacuum 


tube keyer, to minimize the chances for electrical 
shock. Tube keying drops the supply voltages 
and adds cathode bias, points to be considered 
where maximum output is required. Blocked- 
grid keying is applicable to many neutralized 
stages, but it presents problems in high-powered 
amplifiers and requires a source of negative 
voltage. Output stages that aren’t neutralized, 
such as many of the tetrodes and pentodes in 
widespread use, will usually leak a little and show 
some backwave regardless of how they are keyed. 
In a case like this it may be necessary to key two 
stages to eliminate backwave. They can be keyed 
in the cathodes, with blocked-grid keying, or in 
the screens. When screen keying is used, it is not 
always sufficient to reduce the screen voltage to 
zero; it may have to be pulled to some negative 
value to bring the key-up plate current to zero, 
unless fixed negative control-grid bias is used. It 
should be apparent that where two stages are 
keyed, keying the earlier stage must have no 
effect on the oscillator frequency if completely 
chirp-free output is the goal. 

Shaping of the keying is obtained in several 
ways. Blocked-grid and vacuum-tube keyers get 
suitable shaping with proper choice of resistor 
and capacitor values, while cathode and screen- 
grid keying can be shaped by using inductors 
and capacitors. Sample circuits are shown in 
Figs. 8-3, 8-4 and 8-5, together with instructions 
for their adjustment. There is no ‘‘best’’ adjust- 
ment, since this is a matter of personal preference 
and what you want your signal to sound like. 
Most operators seem to like the make to be heav- 
ier than the break. All of the circuits shown here 
are capable of a wide range of adjustment. 

If the negative supply in a grid-block keyed 
stage fails, the tube will draw excessive key-up 
current. To protect against tube damage in this 
eventuality, an overload relay can be used or, 
more simply, a fast-acting fuse can be included 
in the cathode circuit. 


Vacuum-Tube Keyers 


The practical tube-keyer circuit of Fig. 8-6 
can be used for keying any stage of any trans- 
mitter. Depending upon the power level of the 
keyed stage, more or fewer Type 2A3 tubes can 
be connected in parallel to handle the necessary 
current. The voltage drop through a single 2A3 


varies from about 70 volts at 50 ma. to 40 volts at 
20 ma. Tubes added in parallel will-reduce the 
drop in proportion to the number of tubes used. 

When connecting the output terminals of the 
keyer to the circuit to be keyed, the grounded 
output terminal of the keyer must be connected 


RECT. 


1 MEG. 1 MEG. 


1 MEG. 


o KEYED 


ee 


JISV, 


Fig. 8-6—Wiring diagram of a practical vaccum-tube keyer. 
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to the transmitter ground. Thus the keyer can be 
used only in negative-lead or cathode keying. 
When used in cathode keying, it will introduce 
cathode bias to the stage and reduce the output. 
This can be compensated for by a reduction in 
the grid-leak bias of the stage. 

The negative-voltage supply can be eliminated 
if a negative voltage is available from some other 


source, such as a bias supply. A simplified version 
of this circuit could eliminate the switches and 
associated resistors and capacitors, since they are 
incorporated only to allow the operator to select the 
combination he prefers. But once the values have 
been selected, they can be soldered permanently 
in place. The rule for adjusting the keying char- 
acteristic is the same as for blocked-grid keying. 


Oscillator Keying 


One may wonder why oscillator keying hasn’t 
been mentioned earlier, since it is widely used. 
A sad fact of life is that excellent oscillator key- 
ing is infinitely more difficult to obtain than 
is excellent amplifier keying. If the objective 
is no detectable chirp, it is probably impossible 
to obtain with oscillator keying, particularly on 
the higher frequencies. The reasons are simple. 
Any keyed-oscillator transmitter requires shap- 
ing at the oscillator, which involves changing the 
operating conditions of the oscillator over a 
significant period of time. The output of the 
oscillator doesn’t rise to full value immediately 
so the drive on the following stage is changing, 
which in turn may reflect a variable load on the 
oscillator. No oscillator has been devised that has 
no change in frequency over its entire operating 
voltage range and with a changing load. Further- 
more, the shaping of the keyed-oscillator envelope 
usually has to be exaggerated, because the follow- 
ing stages will tend to sharpen up the keying and 
introduce clicks unless they are operated as 
linear amplifiers. 

Acceptable oscillator keying can be obtained 
on the lower-frequency bands, and the methods 
used to key amplifiers can be used, but chirp- 
free clickless oscillator keying is probably not 
possible at the higher frequencies. Often some 
additional shaping of the signal will be intro- 
duced on ‘‘make’’ through the use of a clamp 
tube in the output amplifier stage, because the 
time constant of the screen bypass capacitor plus 
screen dropping resistor increases the screen- 
voltage rise time, but it is of no help on the 
“break’’ portion of the signal. 


Break-In Keying 

The usual argument for oscillator keying is 
that it permits break-in operation, which is true. 
If break-in operation is not contemplated and as 
near perfect keying as possible is the objective, 
then keying an amplifier or two by the methods 
outlined earlier is the solution. For operating 
convenience, an automatic transmitter ‘‘turner- 
onner”’ (see Campbell, QS7’, Aug., 1956), which 
will turn on the power supplies and switch an- 
tenna relays and receiver muting devices, can be 
used. The station switches over to the complete 
“transmit”? condition where the first dot is sent, 
and it holds in for a length of time dependent 
upon the setting of the delay. It is equivalent to 
voice-operated phone of the type commonly used 
by s.s.b. stations. It does not permit hearing the 
other station whenever the key is up, as does full 
break-in. 
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Full break-in with excellent keying is not easy 
to come by, but it is easier than many amateurs 
think. Many use oscillator keying and put up 
with a second-best signal. 


Differential Keying 


The principal behind ‘‘differential”’ keying is 
to turn the oscillator on fast before a keyed am- 
plifier stage can pass any signal and turn off the 
oscillator fast after the keyed amplifier stage has — 
cut off. A number of circuits have been devised 
for accomplishing the action. One of the simplest 
can be applied to any grid-block keyed amplifier 
or tube-keyed stage by the addition of a triode 
and a VR tube, as in Fig. 8-7. Using this keying 
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AMPLIFIER OR TUBE KEYER 
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OR RF 
CHOKE 
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Fig. 8-7— When satisfactory blocked-grid or tube keying 
of an amplifier stage has been obtained, this VR-tube 
break-in circuit can be applied to the transmitter to furnish 
differential keying. The constants shown here are suitable 
for blocked-grid keying of a 6146 amplifier; with a tube 
keyer the 6J5 and VR tube circuitry would be the same. 
With the key up, sufficient current flows through R3 
to give a voltage that will cut off the oscillator tube. 
When the key is closed, the cathode voltage of the 6J5 
becomes close to ground potential, extinguishing the VR 
tube and permitting the oscillator to operate. Too much 
shunt capacity on the leads to the VR tube, and too large 
a value of grid capacitor in the oscillator, may slow down 
this action, and best performance will be obtained when 
the oscillator (turned on and off this way) sounds “‘clicky.” 
The output envelope shaping is obtained in the amplifier, 
and it can be made softer by increasing the value of Cj. 
If the keyed amplifier is a tetrode or pentode, the screen 
voltage should be obtained from a fixed voltage source 
or stiff voltage divider, not from the plate supply through 
a dropping resistor. 


system for break-in, the keying will be chirp-free 
if it is chirp-free with the VR tube removed from 
its socket, to permit the oscillator to run all of the 
time. If the transmitter can’t pass this test, it 
indicates that more isolation is required between 
keyed stage and oscillator. 

Another VR-tube differential keying circuit, 


Testing Your Keying 


useful when the screen-grid circuit of an amplifier 
is keyed, is shown in Fig. 8-8. The normal screen 
keying circuit is made up of the shaping capacitor 
Ci, the keying relay (to remove dangerous volt- 
ages from the key), and the resistors Ry and Ro. 
The + supply should be 50 to 100 volts higher 
than the normal screen voltage, and the — volt- 
age should be sufficient to ignite the VR tube, 
Vo, through the drop in Ry and R3. Current 
through R, will be determined by voltage re- 
quired to cut off oscillator; if 10 volts will do it 
the current will be 1 ma. For a desirable keying 
characteristic, Rez will usually have a higher value 
than R,. Increasing the value of C1 will soften 
both ‘‘make”’ and “‘break.”’ 

The tube used at V2 will depend upon the 
available negative supply voltage. If it is be- 
tween 120 and 150, a 0A3/VR75 is recommended. 
Above this a 0C3/VR105 can be used. The diode, 
Vi, can be any diode operated within ratings. A 


KEYED STAGE 


OSCILLATOR 
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c. two + 
cp [Brome RELAY 
Fig. 8-8—VR-tube differential keying in an amplifier 
screen circuit. 

With key up and current flowing through Vi and V2, 
the oscillator is cut off by the drop through R3. The keyed 
stage draws no current because its screen grid is negative. 
Ci is charged negatively to the value of the—source. 
When the relay is energized, Ci charges through Ri to a 
+ value. Before reaching zero (on its way +) there is 
insufficient voltage to maintain ionization in V2, and the 
current is broken in R3, turning on the oscillator stage. As 
the screen voltage goes positive, the VR tube, V2, cannot 
reignite because the diode, Vi, will not conduct in that 
direction. The oscillator and keyed stage remain on as long 
as the relay is closed. When the relay opens, the voltage 
across Ci must be sufficiently negative for V2 to ionize 
before any bleeder current will pass through R3. By this 
time the screen of the keyed stage is so far negative that 
the tube has stopped conducting. (See Fig. 8-5 for suit- 
able relay.) 


6AL5 will suffice with screen voltages under 250 
and bleeder currents under 5 ma. For maximum 
life a separate heater transformer should be used 
for the diode, with the cathode connected to one 
side of the heater winding. 


Clicks in Later Stages 


It was mentioned earlier that key clicks can be 
generated in amplifier stages following the keyed 
stage or stages. This can be a puzzling problem 
to an operator who has spent considerable time 
adjusting the keying in his exciter unit for click- 
less keying, only to find that the clicks are bad 
when the amplifier unit is added. There are two 
possible causes for the clicks: low-frequency para- 
sitic oscillations and amplifier ‘‘clipping.”’ 

Under some conditions an amplifier will be 
momentarily triggered into low-frequency para- 
sitic oscillations, and clicks will be generated 
when the amplifier is driven by a keyed exciter. 
If these clicks are the result of low-frequency 
parasitic oscillations, they will be found in 
“oroups’’ of clicks occurring at 50- to 150-ke. 
intervals either side of the transmitter frequency. 
Of course low-frequency parasitic oscillations 
can be generated in a keyed stage, and the op- 
erator should listen carefully to make sure that 
the output of the exciter is clean before he blames 
a later amplifier. Low-frequency parasitic oscilla- 
tions are usually caused by poor choice in r.f. 
choke values, and the use of more inductancein the 
plate choke than in the grid choke for the same 
stage is recommended. 

When the clicks introduced by the addition of 
an amplifier stage are found only near the trans- 
mitter frequency, amplifier ‘“‘clipping’’ is indi- 
cated. It is quite common when fixed bias is used 
on the amplifier and the bias is well past the 
‘cut-off’? value. The effect can usually be mini- 
mized by using a combination of fixed and grid- 
leak bias for the amplifier stage. The fixed bias 
should be sufficient to hold the key-up plate cur- 
rent only to a low level and not to zero. 

A linear amplifier (Class AB;, ABe or B) will 
amplify the excitation without adding any 
clicks, and if clicks show up a low-frequency 
parasitic oscillation is probably the reason. 


Testing Your Keying 


The choice of a keying circuit is not as im- 
portant as its testing. Any of the circuits shown 
in this chapter can be made to give satisfactory 
keying, but must be adjusted properly. 

The easiest way to find out what your keyed 
signal sounds like on the air is to trade stations 
with a near-by ham friend some evening for a 
short QSO. If he is a half mile or so away, 
that’s fine, but any distance where the signals are 
still S9 will be satisfactory. 

After you have found out how to work his 
rig, make contact and then have him send slow 
dashes, with dash spacing. (The letter “‘T”’ at 
about 5 w.p.m.) With minimum selectivity, cut 
the r.f. gain back just enough to avoid receiver 


overloading (the condition where you get crisp 
signals instead of mushy ones) and tune slowly 
from out of beat-note range on one side of the 
signal through to zero and out the other side. 
Knowing the tempo of the dashes, you can 
readily identify any clicks in the vicinity as 
yours or someone else’s. A good signal will have 
a thump on “make” that is perceptible only 
where you can also hear the beat note, and the 
click on “‘break’’ should be practically negli- 
gible at any point. If your signal is like that, it 
will sound good, provided there are no chirps. 
Then have him run off a string of fast dots with 
the bug —if they are easy to copy, your signal 
has no ‘tails’? worth worrying about and is a 
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good one for any speed up to the limit of manual 
keying. Make one last check with the selectivity 
in, to see that the clicks off the signal are negligi- 
ble even at high signal level. 

If you don’t have any convenient friends 
with whom to. trade stations, you can still 
check your keying, although you have to be 
a little more careful. The first step is to get rid 
of the r.f. click at the key, as described earlier. 

So far you haven’t done a thing for your 
signal on the air and:you still don’t know what 
it sounds like, but you may have cleaned up 
some clicks in the broadcast set. Now disconnect 
the antenna from your receiver and short the 
antenna terminals with a short piece of wire. 
Tune in your own signal and reduce the r.f. 
gain to the point where your receiver doesn’t 
overload. Detune any antenna trimmer the 
receiver may have. If you can’t avoid overload 
within the r.f. gain-control range, pull out the 
r.f. amplifier tube and try again. If you still 
can’t avoid overload, listen to the second 
harmonic as a last resort. An overloaded receiver 
can generate clicks. . 

Describing the volume level at which you 
should set your receiver for these “shack” tests 
is a little difficult. The r.f. filter should be 
effective with the receiver running wide open 
and with an antenna connected. When you 
turn on the transmitter and take the other 


steps mentioned to reduce the signal in the 
receiver, run the audio up and the r.f. down to 
the point where you can just hear a little 
‘rushing’? sound with the b.f.o. off and the 
receiver tuned-to the signal. This is with the 
selectivity in. At this level, a properly adjusted 
keying circuit will show no clicks off the rushing- 
sound range. With the b.f.o. on and the same gain 
setting, there should be no clicks outside the beat- 
note range. When observing clicks, make the 
slow-dash and fast-dot tests outlined previously. 

Now you know how your signal sounds on the 
air, with one possible exception. If keying your 
transmitter makes the lights blink, you may not 
be able to tell too accurately about the chirp 
on your signal. However, if you are satisfied with 
the absence of-chirp when tuning ezther side of 
zero beat, it is safe to assume that your receiver 
isn’t chirping with the light flicker and that the 
observed signal is a true representation. No chirp 
either side of zero beat is fine. Don’t try to make 
these tests without first getting rid of the rf. 
click at the key, because clicks can mask a chirp. 

The least satisfactory way to check your key- 
ing is to ask another ham on the air how your 
keying sounds. It is the least satisfactory because 
most hams are reluctant to be highly critical of 
another amateur’s signal. In a great many cases 
they don’t actually know what to look for or how 
to describe any aberrations they may observe. 


Monitoring of Keying 


In general, there are two common methods for 
monitoring one’s “‘fist”’ and signal. The first, and 
perhaps less common type, involves the use of an 
audio oscillator that is keyed simultaneously 
with the transmitter. 

The second method is one that permits receiv- 
ing the signal through one’s receiver, and this 
generally requires that the receiver be tuned to 


the transmitter (not always convenient unless 
working on the same frequency) and that some 
method be provided for preventing overloading 
of the receiver, so that a good replica of the trans- 
mitted signal will be received. Except where 
quite low power is used, this usually involves a 
relay for simultaneously shorting the receiver 
input terminals and reducing the receiver gain. 


Break-In Operation 


Break-in operation is most easily obtained with 
a separate receiving antenna, since none of the 
available antenna change-over relays is_ fast 
enough to follow keying. The receiving antenna 
should be installed as far as possible from the 
transmitting antenna. It should be mounted at 
right angles to the transmitting antenna and fed 
with low pick-up lead-in material such as co- 
axial cable or 300-ohm Twin-Lead, to minimize 
pick-up. 

If a low-powered transmitter is used, it is 
often quite satisfactory to use no special equip- 
ment for break-in operation other than the 
separate receiving antenna, since the trans- 
mitter will not block the receiver too seriously. 
Even if the transmitter keys without clicks, 
some clicks will be heard when the receiver is 
tuned to the transmitter frequency because of 
overload in the receiver. An output limiter, as 
described in Chapter Five, will wash out these 
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clicks and permit good break-in operation even 
on your transmitter frequency. 

When powers above 25 or 50 watts are used, 
special treatment is required for quiet break-in 
on the transmitter frequency. A means should 
be provided for shorting the input of the re- 
ceiver when the code characters are sent, and a 
means for reducing the gain of the receiver at 
the same time is often necessary. The system 
shown in Fig. 8-9 permits quiet break-in op- 
eration for higher-powered stations. It requires 
a simple operation on the receiver but other- 
wise is perfectly straightforward. R, is the reg- 
ular receiver r.f. and i.f. gain control. The ground 
lead is lifted on this control and run to a rheo- 
stat, Re, that goes to ground. A wire from the 
junction runs outside the receiver to the keying 
relay, Ky. When the key is up, the ground side 
of R, is connected to ground through the relay 
arm, and the receiver is in its normal operating 


Receiver Muting 


condition. When the key is closed, the relay 
closes, which breaks the ground connection from 
Ff and applies additional bias to the tubes in the 
receiver. This bias is controlled by Re. When the 
relay closes, it also closes the circuit to the trans- 
mitter oscillator. A filter at the key suppresses 
the clicks caused by the relay current. 

The keying relay should be mounted on the 
receiver as close to the antenna terminals as 
possible, and the leads shown heavy in the 
diagram should be kept short, since long leads 
will allow too much signal to get through into 
the receiver. Use a good high-speed keying relay. 
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A few of the recent communications receivers 
bring the return lead from the r.f. gain control 
to a normally shorted terminal at the rear of 
the receiver. The preceding break-in system can 
be readily applied to a receiver of this type, 
and it will repay the receiver owner to study 
the instruction book and determine if his receiver 
already has this connection made in it. Other 
recelvers have provision for reducing the gain 
or for blanking the receiver; one popular model 
has provision for bringing in negative bias from 
a transmitter grid leak to cut off an audio stage 
during transmit periods. 


Fig. 8-9—Wiring diagram for 
smooth break-in operation. The 
lead shown as a heavy line and 
the lead from bottom relay 
contact to ANT post on receiver 
should be kept as short as pos- 
sible for minimum pickup of the 
transmitter signal. 

Ri—Receiver manual gain con- 


RECEIVER 


trol. 

Re—5000- or  10,000-ohm 
wire-wound potenti- 
ometer. 

Ki—S.p.d.t. keying relay. 


(Sigma 41FZ-35-ACS-SIL 
or equiv.) Although bat- 
tery and d.c. relay are 
shown, any suitable a.c. 
or d.c. relay and power 
source can be used. 
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Receiver Muting and Grid-Block Keying 


The muting system shown in Fig. 8-10 can be 
used with any grid-block or tube-keyed trans- 
mitter, and it is particularly applicable to the 
VR-tube differential keying circuit of Fig. 8-7. 
Referring to Fig. 8-10, Ri, Re and C; have the 
same values and functions that the similarly 
designated components in Figs. 8-4 and 8-7 have. 
When the key is open, a small current will flow 
through Rs, the OA2 and Re, and the voltage drop 
across 3 will be sufficient to cut off the 6C4. 
With the 6C4 cut off, there is no current through 
Rs and consequently no voltage appearing across 
R,. The voltage of the receiver a.v.c. bus is zero 
with respect to ground. 

When the key is closed, ftere is insufficient 
voltage across the 0A2 to maintain conduction, 
and consequently there is no current flow through 
R3. With zero voltage between grid and cathode, 
the 6C4 passes current. The drop across f4, and 
thus the negative voltage applied to the a.v.c. 
line in the receiver, is determined by the value of 
R4. Thus the key-down gain of the receiver can 
be adjusted to permit listening to one’s own 
signal, by increasing the value of A4 until the 
receiver output level is a comfortable one. To 
utilize the same antenna for transmitting and 
receiving, and thus benefit during receiving from 
any directional properties of the antenna, an 
electronic transmit-receive switch can be used 
(see later in this chapter). 
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Fig. 8-10—Circuit diagram of a receiver muter for use 
with grid-block or tube keying. 

Ci—Shaping capacitor, see text. 

Ri, Re—Shaping resistors, see text. 

R3—0.1 megohm. 

R4—15,000-ohm 2-watt potentiometer 

RFCi—1 mh. or less. 


The receiver a.v.c. bus can be located by refer- 
ence to the receiver instruction manual, and con- 
nection be made to it through a length of shielded 
wire. The a.v.c. switch in the receiver must be 
turned to on for the muter to be effective. 

If desired, the muting circuit can be built into 
the transmitter, or it can be mounted on a shelf 
or small chassis behind the receiver. The two 
negative voltages can be furnished by one supply 
and a reasonably heavy voltage divider; the main 
requirement of the supply is that the nominal 


249 


8—KEYING AND BREAK-IN 


— 125 volts remain below the normal voltage drop _ keying characteristic of the transmitter; if it does 


of the OA2 (150 volts). Installation of the muting 
circuits should have little or no effect on the 


the characteristic can be restored by proper 
values for Ri, Re and C4. 


The “Matchtone’” 


The ‘‘Matchtone” is a ec.w. tone-generating 
monitor using a transistor audio oscillator. A 
diode rectifier in the antenna circuit or the d.c. 
from a “‘Monimatch”’ (see Chap. 13) serves as the 
keyed source of d.c. power. In addition to the 
usual function it can be used by the sightless 
amateur as an audible transmitter-antenna 
tuning indicator. 

While direct monitoring of c.w. transmissions 
via the receiver is a preferred method because it 
can reveal much about the keying characteristics, 
transmissions offset from the receiving frequency 
call for a separate monitor. The self-powered 
transistorized monitor fills the bill nicely. The 
use of the r.f. bridge, already connected in the 
r.f. transmission line, as a source of power for the 
monitor is a logical choice. 

The circuit of the Matchtone and the connec- 
tions to the Monimatch and the receiver are 
shown in Fig. 8-11. A small 2- or 3-to-1 push-pull 
grid-to-plate audio interstage transformer is used 
for feedback as well as for coupling to the receiver. 
If a transformer having a p.p. grid winding is not 
available from the junk box, the audio coupling 
to the receiver can be obtained by connecting C2 
to the ungrounded end of #;. While use of a low 
value of capacitance for C2 is necessary to avoid 
excessive shunting of the high-impedance receiver 
audio circuit, the value shown will provide sufh- 
cient coupling for a good audio tone level from 
the monitor. A third possibility for the audio out- 
put connection from the monitor is to substitute 
the headphones for 1, together with a single- 
pole double-throw switch or relay to switch the 
phones between the monitor and the receiver. 
The on-off switch, S1, can be made a part of Re 
by use of a volume control switch attachment. 

The value shown for Cy gives an audio pitch 
in the 500-1000 cycle range, depending some- 
what on the particular transformer, the setting 
of Ry and the transmitter output power. Other 
values of C; can be used to adjust the pitch to 
the operator’s individual preference. R2 may be 
adjusted to compensate for the changes in the 
d.c. current from the rectifier or Monimatch 
caused by a change in transmitter frequency band 
or power. Using either a 2N109 or a CK722 tran- 
sistor, the circuit should oscillate with usable 
audio level with as little as 0.1 ma. d.c. flowing to 
ground through the monitor. Other low-cost 
transistors such as the 2N107 and the 2N170 
should work equally well. 


MON!IMATCH 
FWD GND. REF. 
O @ O 


TO GRIDOF ,, 
RECEIVER 


ist AUDIO. 
STAGE 


Fig. 8-1 1—-Circuit of the Matchtone. Section enclosed in 

dashed line is the Monimatch and its indicating circuit; a 

simple r.f. rectifier will also serve as the d.c. source. 

Braid of shielded lead to audio grid should connect to 

receiver chassis. 

Ci—Paper. 

C2—Mica or ceramic. 

Qi—2N109, CK722 or similar. 

Ri— 1000 ohms, 2 watt. 

R2—0.25-megohm volume control. 

Si—S.p.s.t. toggle. 

Ti—Push-pull interstage audio transformer, 2:1 or 3:1 
total grid to plate. 


Because the pitch of the audio tone is to some 
degree dependent upon the d.c. voltage obtained 
from the source, the pitch gives a reasonably 
accurate indication of correct final amplifier plate 
circuit tuning (maximum power output) and, if 
an antenna tuner is used, will also indicate res- 
onance of the tuner to the transmitter output 
frequency. This characteristic of the Matchtone 
should be of considerable aid to sightless ama- 
teurs. (From QST, January, 1958.) 


Speed Keys 


The average operator finds that a speed of 
20 to 25 words per minute is the limit of his 
ability with a straight hand key. However, he 
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can increase his speed to 30 to 40 w.p.m. by the 
use of a “speed key.’’ The mechanical speed keys, 
available in most radio stores, give additional 


Speed Keys 


speed by making strings of dots when the key 
lever is pushed to the right; dashes are made 
manually by closing the key to the left. After 
practicing with the speed key, the operator 
obtains the correct “feel’’ for the key, which 
allows him to release the dot lever at exactly the 
right time to make the required number of dots. 
A speed key can deliver practically perfect code 
characters when used by an operator who knows 
what good code sounds like; however, one will not 
compensate for an operator’s poor code ability. 


An electronic speed key will not compensate 
for an operator’s poor sending ability, either. 
However, the electronic speed key has the feature 
that it makes strings of both dots and of dashes, 
by proper manipulation of the key lever, and in 
current designs the dashes are self-completing. 
This means that it is impossible to send anything 
but the correct length of dash when the key lever 
is closed on the dash side. It is, of coures, possible 
to send an incorrect number of dashes through 
poor operator timing. 


Keying Speeds 


In radio telegraphy the basic code element is 
the baud. A dot is one baud, a dot and space is 
two bauds, and a dash is three bauds. The space 
between letters is three bauds, and the space be- 
tween words is seven bauds. 

Assuming that a speed key is adjusted to give 
the proper dot, space and dash values mentioned 


above, the code speed can be found from 
bauds/min. 
50 
E.g.: A properly-adjusted electronic key gives a string of 
dots that counts to 10 dots and 10 spaces per second (10 


+10 = 20 bauds/sec.). Speed = (60 X 20) + 50 = 24 
w.p.m. : 


Speed (w.p.m.) = 


An Electronic Speed Key 


The unit shown in Figs. 8-12 and 8-14 repre- 
sents one of the simpler designs of an electronic 
key. The total cost of the key, in dollars and 
construction time, is quite low. The keying lever 
is made from parts taken from two straight tele- 
graph keys; these are available at less than a 
dollar each in the war-surplus version (J-38). A 
more elegant keying lever can be built from a 
(more-expensive) war-surplus mechanical speed 
key. 

Referring to Fig. 8-13, the timing of the key is 
provided by the oscillator Via. When the key is 
closed, a sawtooth wave is generated by the fast 
charge and slow discharge of the .25-yf. ca- 
pacitor in the cathode circuit. The rate of dis- 
charge is set by the total resistance across the 
capacitor, and the voltage to which the capacitor 
is charged is determined by the setting of Ry. 


Fig. 8-12—This electronic speed key has a range of ap- 

proximately 8 to 35 w.p.m., set by the speed control 

at top center. It has relay output and can be used with 

any transmitter that can be keyed by a hand key. The 

key (left) is made from two telegraph keys and a pair of 
Yg-inch thick sheet plastic paddles. 


The sawtooth wave, applied to the grid of Voa, 
cannot drive the grid very positive because the 
3.3-megohm resistor limits the current; the effect 
is to ‘‘clip the tops” of the sawtooth cycles. The 
voltage at which Va passes enough current to close 
the relay is set by the position of the arm of R3. 
Except for the tubes, the keyer circuit is housed 
in a grey Hammertone 6 X 5 X 4-inch Minibox 
(Bud CU-2107), as shown in Fig. 8-14. The tube 
sockets are mounted so that the two tubes project 
outside at the rear of the unit. The power trans- 
former is mounted on the rear wall, and the 


‘toggle switch and the three controls are mounted 


on the “‘front”’ panel. The power line to P2, the 
two-wire cable to P;, and the three-wire cable to 
the key leave the cabinet at the rear through 
individual rubber grommets. Use multiple tie 
points generously for the support of the fixed 
resistors and capacitors. 

To make the key, first remove the keys from 
their bases and strip the bases of their remaining 
hardware. The four support legs for the key are 
formed from the original tie strips and shorting 
switch arms. At. the front they bolt to the key 
frame at the countersunk holes; at the rear they 
make up to the binding posts. The three-wire 
cable connects to two binding posts and a sup- 
porting leg. A heavy base of 14-inch thick steel 
adds weight to the structure, and rubber or cork 
feet glued to the steel prevent its scratching the 
table. 


Adjustment of Electronic Speed Key 


In operation, the three controls will serve as 
their labels indicate. There is a unique (but not 
highly critical) combination of settings of the 
weight and ratio controls that will give automatic 
dots and dashes at the same speed; this setting 
can only be determined by ear and will be de- 
pendent on how well the operator can recognize 
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KEY 


good code. If the operator taps his foot to count 
groups of four dots or two dashes, the dots and 
dashes will have the same speed when the beat is 
the same. It 1s easy to determine whether dots or 
dashes are too heavy or too light. Connect an 
ohmmeter to P;; holding the dot lever closed 
should make the ohmmeter needle hover around 
half scale, and holding the dash lever closed 
should make the ohmmeter hover around 75 per 
cent of the short-circuit reading. Lacking an 
ohmmeter, the transmitter plate miulliammeter 
can be used; dots and dashes should give 50 per 
cent and 75 per cent of the key-down value when 
the keyer controls have been properly adjusted. 

QST' articles describing other types of elec- 
tronic speed keys include: 


Bartlett, ““Compact Automatic Key Design,’’ Dec., 1951. 

Old, ‘‘Transistorized Electronic Key and Monitor,’’ May, 
1959. 

Kanda, “The 
Oct., 1960. 


‘Ultimatic’ Transistorized,’’ Sept., 


P, 
a TO TRANSMITTER 


Fig. 8-13—Circuit diagram of the electronic 
speed key. Unless otherwise specified, resis- 
tors are 2 watt. Polarity-marked capacitors 
are electrolytic, others are tubular paper. 


See Ki—5000-ohm 3-ma. relay (Sigma 41F- 
WEIGHT 5000S-SIL). 
Rs P;—Phone plug. 
Po2—A.c. line plug. 
yew Ri, R3—100,000-ohm potentiometer, linear 
taper. 
R2—1-megohm potentiometer, linear taper. 
Si—S.p.s.t.toggle. 
Ti1—5-watt 25,000-to-4-ohm output trans- 
former, secondary not used (Stancor 
A-3857). 
2 T3—125-v. 15-ma. and 6.3-v. 0.6-amp. 
= transformer (Stancor PS-8415 or 


similar). 


Fig. 8-14—-Components for the electronic speed key are 
mounted on the three walls of a Minibox section, with the 
tubes projecting out the back. Keep wires away from screw 
holes, to prevent short circuits when the box is assembled. 


Electronic Transmit-Receive Switches 


No antenna relay is fast enough to switch an 
antenna from transmitter to receiver and back 
at normal keying speeds. As a consequence, when 
it is desired to use the same antenna for trans- 
mitting and receiving (a ‘‘must’’ when directional 
antennas are used) and to operate c.w. break-in 
or voice-controlled sideband, an electronic switch 
is used in the antenna. The word ‘‘switch”’ is 
a misnomer in this case; the transmitter is 
connected to the antenna at all times and the 
t.r. “‘switch”’ is a device for preventing burn-out 
of the receiver by the transmitter. 

One of the simplest approaches is the circuit 
shown in Fig. 8-15. The 6C4 cathode follower 
couples the incoming signal on the line to the 
receiver input with only a slight reduction in 
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gain. When the transmitter is “on,” the grid 
of the 6C4 is driven positive and the rectified 
current biases the 6C4 so that it can pass very 
little power on to the receiver. The factors 
that limit the r.f. voltage the circuit can handle 
are the voltage break-down rating of the 47-uyf. 
capacitor and the voltage that may be safely 
applied between the grid and cathode of the 
tube. 

To avoid stray pick-up on the lead between 
the cathode and the antenna terminal of the 
receiver, this lead should be kept as short as 
possible. The entire unit should be shielded 
and mounted on the receiver near the antenna 
terminals. in wiring the tube socket, input and 
output circuit components and wiring should be 


T.R. Switches 


Fig. 8-15—Schematic diagram of cathode-follower t.r. 
switch. Resistors are Y2-watt. The unit should be assembled 
in a small chassis or shield can and mounted on or very 
close to the receiver antenna terminals. The transmitter 
transmission line can be connected at the coaxial jack with 
an M-358 Tee adapter. 

The heater and plate power can be ‘‘borrowed”’ from 
the receiver in most cases. 


separated to reduce feed-through by stray cou- 
pling. 

The switch should be connected to the trans- 
mitter by as short a length of coaxial cable as 
possible, particularly if the higher-frequency 


+150 TO 250'V. 


47 pf. 2.2K 
TRANS. also RECEIVER 
LINE  prelersctrers ee ctay | 
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6.3 V. 


bands (21 and 28 Mc.) are commonly used. If this 
rule is not observed, there may be conditions 
where a loss of received signal will be noticed, 
caused by resonant conditions in the cable and 
the transmitter output circuit. 


Self-Contained All-Band Electronic T.R. Switch 


The t.r. switch shown in Fig. 8-16 differs in 
several ways from the preceding example. It con- 
tains its own power supply and consequently can 


Fig. 8-16. The electronic t.r. switch is built in a.5 X 9 
 2V2-inch chassis; the bottom plate has been removed 
to show the placement of parts. Although two receiver 
outlets are shown on the near face (a phono jack and a 
coaxial receptacle), only one is required, depending upon 
one’s choice of cable termination, 


be used with any transmitter/receiver combina- 
tion without ‘‘borrowing”’ power. It will add gain 
and front-end selectivity to the receiver. A com- 
mercial switch-coil-capacitor combination is 
shown in the unit, although the constructor could 
build his own if desired. _ 

Referring to the circuit diagram in Fig. 8-17, 
one triode of a 12AU7 is used as an amplifier 
stage, followed by the other triode as a cathode- 
follower stage to couple between the tuned cir- 
cuit and the receiver. As in the simpler switch, 
the triodes are biased during transmission periods 
by rectified grid current, and insufficient power is 
passed along to the receiver to injure its input 
circuit. 

The t.r. switch is intended to mount behind the 
transmitter near its output terminal, so that the 
connecting cable is short. The lead from the t.r. 
switch to the receiver can be any reasonable 
length. Components are mounted on the sides and 
walls ot the chassis, although a small bracket will 
be needed to support the tube socket and an- 
other is required to hold the far end of the coil 
I. The single coil bracket, aided by panel bush- 
ings for the switch and capacitor Cj, shafts, is 
sufficient support for the coil-and-capacitor as- 
sembly. In wiring the switch, a length of RG-58/U 
should be used between the cathode-follower load 
(resistor and r.f. choke) and the output jack J2, 
to minimize ‘‘feedthrough”’ around the tube. A 
pair of 0.01-uf. disk ceramic capacitors across the 
a.c. line where it enters the chassis helps to hold 
down the r.f. that might otherwise ride in on the 
a.c. line. 

In operation, it is only necessary to switch the 
unit to the band in use and peak capacitor C; for 
maximum signal or background noise. A signifi- 
cant increase in signal or background noise should 
be observed on any band within the range of the 
coil/capacitor combination. 


TVI and T.R. Switches 


The preceding t.r. switches generate harmonics 
when their grid circuits are driven positive, and 
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Fig. 8-17—Circuit diagram of the electronic t.r. switch. 
Unless otherwise specified, resistances are in ohms, re- 
sistors are Y2 watt, capacitances are in pf. 
Ci—140-yyf. variable (part of Harrington GP-20 tuner) Li—52 turns No. 24 on %-inch diam. form, 28 t.p.i. 
CRi—200-ma. 360-p.i.v. silicon rectifier (Sarkes Tarzian Tapped at 5%, 8%, 13 and 24 turns from 


K-200) grounded end. (Part of Harrington GP-20 tuner) 
Ji—Coaxial receptacle and tee fitting (SO-239 and Ti:—125-v. 15-ma., 6-v. 0.6-amp. transformer (Stancor 
M-358). 


PS-8415) (GP-20 tuner available from Harring- 


J3—Coaxial receptacle or phono jack. ton Electronics, Box 189, Topsfield, Mass.) 


these harmonics can cause TVI if steps are not 


shielded and used in the antenna transmission 
taken to prevent it. Either switch should be well- 


line between transmitter and low-pass filter. 
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CHAPTER 9 


Speech Amplifiers 
and Modulators 


The audio amplifiers used in radiotelephone 
transmitters operate on the principles outlined 
earlier in this book in the chapter on vacuum 
tubes. The design requirements are determined 
principally by the type of modulation system to 
be used and by the type of microphone to be 
employed. It is necessary to have a clear under- 
standing of modulation principles before the 
problem of laying out a speech system can be 
approached successfully. Those principles are 
discussed under appropriate chapter headings. 

The present chapter deals with the design of 
audio amplifier systems for communication pur- 
poses. In voice communication the primary 
objective is to obtain the most effective trans- 
mission; i.e., to make the message be under- 
stood at the receiving point in spite of adverse 
conditions created by noise and interference. 
The methods used to accomplish this do not 
necessarily coincide with the methods used for 
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Speech Equipment 


In designing speech equipment it is necessary 
to know (1) the amount of audio power the 
modulation system must furnish and (2) the out- 
put voltage developed by the microphone when 
it is spoken into from normal distance (a few 
inches) with ordinary loudness. It then becomes 
possible to choose the number and type of ampli- 
fier stages needed to generate the required audio 
power without overloading or undue distortion 
anywhere in the system. 


@ MICROPHONES 


The level of a microphone is its electrical out- 
put for a given sound intensity. Level varies 
greatly with microphones of different types, and 
depends on the distance of the speaker’s lips from 
the microphone. Only approximate values based 
on averages of ‘‘normal”’ speaking voices can be 
given. The values given later are based on close 
talking; that is, with the microphone about an 
inch from the speaker’s lips. 

The frequency response or fidelity of a micro- 
phone is its relative ability to convert sounds of 
different frequencies into alternating current. 
For understandable speech transmission only a 
limited frequency range is necessary, and intelli- 
gible speech can be obtained if the output of the 
microphone does not vary more than a few 
decibels at any frequency within a range of about 
200 to 2500 cycles. When the variation expressed 
in terms of decibels is small between two fre- 


other purposes, such as the reproduction of 
music or other program material. In other words, 
“naturalness”’ in reproduction is distinctly sec- 
ondary to intelligibility. 

The fact that satisfactory intelligibility can be 
maintained in a relatively narrow band of fre- 
quencies is particularly fortunate, because the 
width of the channel occupied by a phone trans- 
mitter is directly proportional to the width of the 
audio-frequency band. If the channel width is 
reduced, more stations can occupy a given band 
of frequencies without mutual interference. 

In speech transmission, amplitude distortion 
of the voice wave has very little effect on intelli- 
gibility. The importance of such distortion in 
communication lies almost wholly in the fact 
that many of the audio-frequency harmonics 
caused by it lie outside the channel needed for 
intelligible speech, and thus will create unneces- 
sary interference to other stations. 


quency limits, the microphone is said to be flat 
between those limits. 


Carbon Microphones 


The carbon microphone consists of a metal 
diaphragm placed against an insulating cup con- 
taining loosely-packed carbon granules (micro- 
phone button). When used with a vacuum-tube 
amplifier, the microphone is connected in the 
cathode circuit of a low-» triode, as shown in 
Fig. 9-1A. 

Sound waves striking the diaphragm cause it to 
vibrate in accordance with the sound, and the 
pressure on the granules alternately increases and 
decreases, causing a corresponding decrease and 
increase in the electrical resistance of the micro- 
phone. The instantaneous value of this resistance 
determines the instantaneous value of plate cur- 
rent through the tube, and as a consequent the 
voltage drop across the plate load resistor in- 
creases and decreases with the increases and de- 
creases in granule pressure. 

The carbon microphone finds its major amateur 
application in mobile and portable work; a good 
microphone in the circuit of Fig. 9-1A will deliver 
25 to 35 volts peak output. 


Piezo-electric Microphones 


The crystal microphone makes use of the 
piezoelectric properties of Rochelle salts crystals. 
This type of microphone requires no battery or 
transformer and can be connected directly to the 
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grid of an amplifier tube. It is a popular type 
of microphone among amateurs, for these reas- 
ons as well as the fact that it has good fre- 
quency response and is available in inexpensive 
models. The input circuit for the crystal micro- 
phone is shown in Fig. 9-1B. 

Although the level of crystal microphones 
varies with different models, an output of 0.03 
volt or so is representative for communication 
types. The level is affected by the length of the 
cable connecting the microphone to the first 
amplifier stage; the above figure is for lengths of 
6 or 7 feet. The frequency characteristic is unaf- 
fected by the cable, but the load resistance 
(amplifier grid resistor) does affect it; the lower 
frequencies are attenuated as the value of load 
resistance is lowered. A grid-resistor value of at 
least 1 megohm should be used for reasonably 
flat response, 5 megohms being a customary 
figure. 

The ceramic microphone utilizes the piezo- 
electric effect in certain types of ceramic ma- 
terials to achieve performance very similar to 
that of the crystal microphone. It is less affected 
by temperature and humidity. Output levels are 
similar to those of crystal microphones for the 
same type of frequency response. 


Velocity and Dynamic Microphones 


In a velocity or ‘‘ribbon’? microphone, the 
element acted upon by the sound waves is a thin 
corrugated metallic ribbon suspended between 
the poles of a magnet. 

Velocity microphones are built in two types, 
high impedance and low impedance, the former 
being used in most applications. A high-imped- 
ance microphone can be directly connected to 
the grid of an amplifier tube, shunted by a resist- 
ance of 0.5 to 5 megohms (Fig. 9-1C). Low- 
impedance microphones are used when a long 
connecting cable (75 feet or more) must be em- 
ployed. In such a case the output of the micro- 
phone is coupled to the first amplifier stage 
through a suitable step-up transformer, as shown 
in Fig. 9-1D. 

The level of the velocity microphone is about 
0.03 to 0.05 volt. This figure applies directly to 
the high-impedance type, and to the low-imped- 
ance type when the voltage is measured across 
the secondary of the coupling transformer. 

The dynamic microphone somewhat resembles 
a dynamic loud-speaker. A lightweight voice coil 
is rigidly attached to a diaphragm, the coil being 
suspended between the poles of a permanent 
magnet. Sound causes the diaphragm to vibrate, 
thus moving the coil back and forth between the 
magnet poles and generating an alternating 
voltage. 

The dynamic microphone usually is built with 
high-impedance output, suitable for working 
directly into the grid of an amplifier tube. If the 
connecting cable must be unusually long, a low- 
impedance type should be used, with a step-up 
transformer at the end of the cable. 

In general, the dynamic microphones have the 
smoothest peak-free response and widest fre- 
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quency range, and they are also the least suscepti- 
ble to damage from shock and extremes of tem- 
perature and humidity. 


@ THE SPEECH AMPLIFIER 


The audio-frequency amplifier stage that 
causes the r.f. carrier output to be varied is called 
the modulator, and all the amplifier stages pre- 
ceding it comprise the speech amplifier. Depend- 
ing on the modulator used, the speech amplifier 
may be called upon to deliver a power output 
ranging from practically zero (only voltage re- 
quired) to 20 or 30 watts. 
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Before starting the design of a speech amplifier, 
therefore, it is necessary to have selected a suita- 
ble modulator for the transmitter. This selection 
must be based on the power required to modulate 
the transmitter, and this power in turn depends 
on the type of modulation system selected, as 
described in Chapter 10. With the modulator 
picked out, its driving-power requirements (audio 
power required to excite the modulator to full 
output) can be determined from the tube tables 
in a later chapter. Generally speaking, it is ad- 
visable to choose a tube or tubes for the last stage 
of the speech amplifier that will be capable of 


Speech Equipment 


FOLLOWING STAGE 


Fig. 9-2—Resistance-coupled voltage-amplifier circuits. 

A, pentode; B, triode. Designations are as follows: 

Ci:—Cathode bypass capacitor. 

C2—Plate bypass capacitor. 

C3—Output coupling capacitor (blocking capacitor). 

Cs—Screen bypass capacitor. 

Ri— Cathode resistor. 

Re—Grid resistor. 

R3—Plate resistor. 

Ra—Next-stage grid resistor. 

Rs—Plate decoupling resistor. 

Re—Screen resistor. 

Values for suitable tubes are given in Table 9-I. Values 

in the decoupling circuit, C2Rs, are not critical. Rs may 

be about 10% of R3; an 8- or 10-yf. electrolytic capacitor 
is usually large enough at Co. 


developing at least 50 per cent more power than 
the rated driving power of the modulator. This 
will provide a factor of safety so that losses in 
coupling transformers, etc., will not upset the 
calculations. 


Voltage Amplifiers 


If the last stage in the speech amplifier is a 
Class AB, or Class B amplifier, the stage ahead 
of it must be capable of sufficient power output 
to drive it. However, if the last stage is a Class 
AB, or Class A amplifier the preceding stage can 
be simply a voltage amplifier. From there on back 
to the microphone, all stages are voltage ampli- 
fiers. 

The important characteristics of a voltage 
amplifier are its voltage gain, maximum undis- 
torted output voltage, and its frequency response. 
The voltage gain is the voltage-amplification 


ratio of the stage. The output voltage is the’ 


maximum a.f. voltage that can be secured from 
the stage without distortion. The amplifier fre- 
quency response should be adequate for voice 
reproduction; this requirement is easily satisfied. 

The voltage gain and maximum undistorted 
output voltage depend on the operating condi- 
tions of the amplifier. Data on the popular types 
of tubes used in speech amplifiers are given in 
Table 9-I, for resistance-coupled amplification. 


The output voltage is in terms of peak voltage 
rather than r.m.s.; this makes the rating inde- 
pendent of the waveform. Exceeding the peak 
value causes the amplifier to distort, so it is more 
useful to consider only peak values in working 
with amplifiers. 


Resistance Coupling 


Resistance coupling generally is used in volt- 
age-amplifier stages. It is relatively inexpensive, 
good frequency response can be secured, and there 
is little danger of hum pick-up from stray mag- 
netic fields associated with heater wiring. It is the 
most satisfactory type of coupling for the output 
circuits of pentodes and high-y» triodes, because 
with transformers a sufficiently high load imped- 
ance cannot be obtained without considerable 
frequency distortion. Typical circuits are given 
in Fig. 9-2 and design data in Table 9-I. 


Transformer Coupling 


Transformer coupling between stages ordi- 
narily is used only when power is to be trans- 
ferred (in such a case resistance coupling is very 
inefficient), or when it is necessary to couple be- 
tween a single-ended and a push-pull stage. 
Triodes having an amplification factor of 20 or 
less are used in transformer-coupled voltage 
amplifiers. With transformer coupling, tubes 
should be operated under the Class A conditions 
given in the tube tables at the end of this book. 

Representative circuits for coupling single- 
ended to push-pull stages are shown in Fig. 9-3. 
The circuit at A combines resistance and trans- 
former coupling, and may be used for exciting the 


+B 
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Fig. 9-3—Transformer-coupled amplifier circuits for 
driving a push-pull amplifier. A is for resistance-trans- 
former coupling; B for transformer coupling. Designations 
correspond to those in Fig. 9-2. In A, values can be taken 
from Table 9-I. In B, the cathode resistor is calculated 
from the rated plate current and grid bias as given in 
the tube tables for the particular type of tube used. 
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TABLE 9-I— RESISTANCE-COUPLED VOLTAGE-AMPLIFIER DATA 


Data are given for a plate supply of 300 volts. Departures of as much as 50 per cent from this supply voltage will not 
materially change the operating conditions or the voltage gain, but the output voltage will be in proportion to the ratio of 
the new voltage to 300 volts. Voltage gain is measured at 400 cycles. Capacitor values given are based on 100-cycle 
cutoff. For increased low-frequency response, all capacitors may be made larger than specified (cut-off frequency in 
inverse proportion to capacitor values provided all are changed in the same proportion). A variation of 10 per cent in the 
values given has negligible effect on the performance. 


Plate peti eos Screen Cathode | Screen | Cathode | Blocking | Output Voltage 


Radice Resistor Resistor Bypass Bypass | Capacitor Volts Gain 
Megohms | yy s5ehunm Megohms Ohms ul, u uf. (Peak) ! 
3 0.1 0.35 500 0.10 11.6 0.019 72 67 
0.1 0.25 0.37 530 0.09 10.9 0.016 96 98 
Se OB th Ord 5) 590 2 0.08.5 8.9 |. 0.007.) 101 eee 
0.25 0.89 850 0.07 8.5 0.011 79 139 
6SJ7, 12SJ7 0.25 0.5 1.10 860 0.06 7.4 0.004 88 167 
: 1.0 1.18 910 0.06 6.9 0.003 98 185 
05 2.0 1300 0.06 6.0 0.004 64 200 
0.5 1.0 2.2 1410 0.05 5.8 0.002 79 238 
2.0 2.5 1530 0.04 5.2 0.0015 89 263 
0.1 0.44 500 0.07 8.5 0.02 55 61 
0.1 0.25 0.5 450 0.07 8.3 0.01 81 82 
0.5 0.53 600 0.06 8.0 0.006 96 94 
ce 0.25 1.18 1100 0.04 5.5 0.008 81 104 
Seed 0.25 0.5 1.18 1200 0.04 5.4 0.005 104 140 
37- 1.0 1.45 1300 0.05 5.8 0.005 110 185 
0.5 2.45 1700 0.04 4.2 0.005 75 161 
0.5 1.0 2.9 2200 0.04 4.1 0.003 97 200 
2.0 2.95 2300 0.04 4.0 0.0025 | 100 230 
0.1 0.2 500 0.13 18.0 0.019 76 109 
0.1 0.22 0.24 600 0.11 16.4 0.011 103 145 
0.47 0.26 700 0.11 15.3 0.006 129 168 
0.22 0.42 1000 0.1 12.4 0.009 92 164 
Ee cea 0.22 0.47 0.5 1000 0.098 12.0 0.007 108 230 
' 1.0 0.55 1100 0.09 11.0 0.003 122 262 
0.47 1.0 1800 0.075 8.0 0.0045 94 248 
0.47 1.0 131 1900 0.065 7.6 0.0028 105 318 
2.2 1.2 2100 0.06 Fe) 0.0018 122 371 
0.1 0:22 re tenon eta So oped B4 38 
; é Sa pad 014 54 
tents eon 0.47 eae 2100 | —— 3.0 0.0065 63 41 
6SL7GT, 0.22 —— 2600 — 2.5 0.013 51 42 
6T8, 12AT6, 0.22 0.47 —_— 3200 —_— 1.9 0.0065 65 46 
12Q7-GT, 1.0 sopinoee 3700 a 1.6 0.0035 77 48 
12SL7,-GT 0.47 a 5200 —— 1.2 0.006 61 48 
(one triode) 0.47 1.0 ee 6300 ae 1.0 0.0035 74 50 
22 pate 7200 ee 0.9 0.002 85 51 
0.1 aS 1300 ere 4.6 0.027 43 45 
0.1 0.22 feline 1500 Alito 4.0 0.013 57 52 
0.47 ee 1700 —— 3.6 0.006 66 57 
6AV6, 12AV6, 0.22 Calne 2200 ees 3.0 0.013 54 59 
12AX7 0.22 0.47 ae 2800 i. 2.3 0.006 69 65 
(one triode) 1.0 oe 3100 _— AN 0.003 79 68 
0.47 ees 4300 coe 1.6 0.006 62 69 
0.47 1.0 Ee 5200 waar 13 0.003 77 73 
2.2 as 5900 ante 13 0.002 92 75 
0.1 mans 750 is eae 0.033 35 29 
0.1 0.25 oo 930 sa —— 0.014 50 34 
0.5 plantas 1040 ae —— 0.007 54 36 
0.25 a 1400 aa renee 0.012 45 39 
6SC7, tee 3) ~0.28 0.5 eae 1680 varies nn 0.006 55 42 
(one triode) 1.0 cota 1840 ee Eten 0.003 64 45 
0.5 eleres 2330 Sas SSeS 0.006 50 45 
0.5 1.0 ees 2980 —— ——— 0.003 62 48 
§ 2.0 a 3280 poe ae 0.002.) 72 49 
0.047 eae 1300 —— 3.6 0.061 59 14 
0.047 0.1 aoe 1580 =e 3.0 0.032 73 15 
6CG7, 615, 0.22 a 1800 ex 2.5 0.015 83 16 
_IN7, 0.1 nce 2500 ee 1.9 0.031 68 16 
6SN7-GT, 0.1 0.22 =a 3130 eae 1.4 0.014 82 16 
ene ae 0.47 oes 3900 _—— 1 0.0065 96 16 
(oneteicds) 0.22 a 4800 Sede 0.95 0.015 68 16 
0.22 0.47 a 6500 eos 0.69 0.0065 85 16 
1.0 ean 7800 —— 0.58 0.0035 96 16 
0.047 aes 870 = 4.1 0.065 38 12 
0.047 0.1 poe 1200 Er 3.0 0.034 52 12 
oo 0.22 = 1500 — 2.4 0.016 68 12 
’ 0.1 os 1900 eae 1.9 0.032 44 12 
12AU7 0.1 0.22 aon 3000 ae 13 0.016 68 12 
(one triode) 0.47 aoa 4000 ris 1.1 0.007 80 12 
0.22 eae 5300 ue 0.9 0.015 57 12 
0.22 0.47 red 8800 pares 0.52 0.007 82 12 
1.0 Boss 11000 ae 0.46 0.0035 92 12 


1 Voltage across next-stage grid resistor at grid-current point. 
2 At 5 volts r.m.s. output. 
8 Cathode-resistor values are for phase-inverter service. 
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grids of a Class A or AB, following stage. The 
resistance coupling is used to keep the d.c. plate 
current from flowing through the transformer 
primary, thereby preventing a reduction in pri- 
mary inductance below its no-current value; this 
improves the low-frequency response. With low-z 
triodes (6C5, 6J5, etc.), the gain is equal to that 
with resistance coupling multiplied by the sec- 
ondary-to-primary turns ratio of the transformer. 

In B the transformer primary is in series with 
the plate of the tube, and thus must carry the 
tube plate current. When the following amplifier 
operates without grid current, the voltage gain 
of the stage is practically equal to the u of the 
tube multiplied by the transformer ratio. This 
circuit also is suitable for transferring power 
(within the capabilities of the tube) to a following 
Class AB,» or Class B stage. 


Phase Inversion 
Push-pull output may be secured with resist- 
ance coupling by using phase-inverter or phase- 
splitter circuits as shown in Fig. 9-4. 
The circuits shown in Fig. 9-4 are of the “‘self- 
balancing’ type. In A, the amplified voltage 


(B) 2 


Fig. 9-4—Self-balancing phase-inverter circuits. Vi and 

V2 may be a double triode such as the 1 2AU7 or 12AX7. 

V3 may be any of the triodes listed in Table 9-1, or one 

section of a double triode. 

Ri—Grid resistor (1 megohm or less). 

Re—Cathode resistor; use one-half value given in Table 
9-I for tube and operating conditions chosen. 

Rs, Ra—Plate resistor; select from Table 9-I. 

Rs, Re—Following-stage grid resistor (0.22 to 0.47 meg- 
ohm). 

R7—0.22 megohm. 

Rs—Cathode resistor; select from Table 9-I. 

Ro, Rio—Each one-half of plate load resistor given in 
Table 9-1. 

Ci—10-yf. electrolytic. 

Ceo, C3—0.01- to 0.1-uf. paper. 


e 


from V; appears across Rs and #7 in series. The 
drop across f7 is applied to the grid of Vo, and 
the amplified voltage from V2 appears across Rg 
and #7 in series. This voltage is 180 degrees out 
of phase with the voltage from Vj, thus giving 
push-pull output. The part that appears across 
Rh; from V2 opposes the voltage from V, across 
7, thus reducing the signal applied to the grid 
of Vo. The negative feedback so obtained tends 
to regulate the voltage applied to the phase- 
inverter tube so that the output voltages from 
both tubes are substantially equal. The gain is 
slightly less than twice the gain of a single-tube 
amplifier using the same operating conditions. 

In the single-tube circuit shown in Fig. 9-4B 
the plate load resistor is divided into two equal 
parts, Ro and Ayo, one being connected to the 
plate in the normal way and the other between 
cathode and ground. Since the voltages at the 
plate and cathode are 180 degrees out of phase, 
the grids of the following tubes are fed equal a.f. 
voltages in push-pull. The grid return of V3 is 
made to the junction of Rg and Rio so normal 
bias will be apphed to the grid. This circuit is 
highly degenerative because of the way [210 is.con- 
nected. The voltage gain is less than 2 even when 
a high-y triode is used at V3. 


Gain Control 


A means for varying the over-all gain of the 
amplifier is necessary for keeping the final output 
at the proper level for modulating the transmitter. 
The common method of gain control is to adjust 
the value of a.c. voltage applied to the grid of one 
of the amplifiers by means of a voltage divider or 
potentiometer. 

The gain-control potentiometer should be near 
the input end of the amplifier, at a point where 
the signal voltage level is so low there is no danger 
that the stages ahead of the gain control will be 
overloaded by the full microphone output. With 
carbon microphones the gain control may be 
placed directly across the microphone-trans- 
former secondary. With other types of micro- 
phones, however, the gain control usually will 
affect the frequency response of the microphone 
when connected directly across it. Also, in a 
high-gain amplifier it is better to operate the 
first tube at maximum gain, since this gives the 
best signal-to-hum ratio. The control therefore is 
usually placed in the grid circuit of the second 
stage. 


@ DESIGNING THE SPEECH 
AMPLIFIER 


The steps in designing a speech amplifier are 
as follows: 

1) Determine the power needed to modulate 
the transmitter and select the modulator. In the 
case of plate modulation, a Class B amplifier may 
be required. Select a suitable tube type and de- 
termine from the tube tables at the end of this 
book the grid driving power required, if any. 

2) As a safety factor, multiply the required 
driver power by at least 1.5. 
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_8) Select a tube, or pair of tubes, that will 
deliver the power determined in the second step. 
This is the last or output stage of the speech- 
amplifier. Receiver-type power tubes can be used 
(beam tubes such as the 6L6 may be needed in 
some cases) as determined from the receiving-tube 
tables. If the speech amplifier is to drive a Class 
B modulator, use a Class A or AB, amplifier. 

4) If the speech-amplifier output stage is also 
the modulator and must operate Class ABe to 
develop the required power output, use a low- 
or medium-y triode to drive it. If more power is 
needed than can be obtained from one tube, use 
two in push-pull, in the driver. In either case 
transformer coupling will have to be used, and 
transformer manufacturers’ catalogs should be 
consulted for a suitable type. 

5) If the speech-amplifier output stage oper- 
ates Class A or ABj, it may be driven by a voltage 
amplifier. If the output stage is push-pull, the 
driver may be a single tube coupled through a 
transformer with a balanced secondary, or may 
be a dual-triode phase inverter. Determine the 
signal voltage required for full output from the 
last stage. If the last stage is a single-tube Class A 
amplifier, the peak signal is equal to the grid-bias 
voltage; if push-pull Class A, the peak-to-peak 
signal voltage is equal to twice the grid bias; if 
Class AB, twice the bias voltage when fixed 
bias is used; if cathode bias is used, twice the bias 
figured from the cathode resistance and the maxi- 
mum-signal cathode current. 

6) From Table 9-I, select a tube capable of 
giving the required output voltage and note its 
rated voltage gain. A double-triode phase inverter 
(Fig. 9-4A) will have approximately twice the 
output voltage and twice the gain of one triode 
operating as an ordinary amplifier. If the driver 
is to be transformer-coupled to the last stage, 
select a medium-y triode and calculate the gain 
and output voltage as described earlier in this 
chapter. 

7) Divide the voltage required to drive the 
output stage by the gain of the preceding stage. 
This gives the peak voltage required at the 
grid of the next-to-the-last stage. 

8) Find the output voltage, under ordinary 
conditions, of the microphone to be used. This 
information should be obtained from the manu- 
facturer’s catalog. If not available, the figures 
given in the section on microphones in this 
chapter will serve. 

9) Divide the voltage found in (7) by the out- 
put voltage of the microphone. The result is the 
over-all gain required from the microphone to the 
grid of the next-to-the-last stage. To be on the 
safe side, double or triple this figure. 

10) From Table 9-I, select a combination of 
tubes whose gains, when multiplied together, give 
approximately the figure arrived at in (9). These 
amplifiers will be used in cascade. If high gain is 
required, a pentode may be used for the first 
speech-amplifier stage, but it is not advisable to 
use a second pentode because of the possibility 
of feedback and self-oscillation. In most cases a 
triode will give enough gain, as a second stage, 
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to make up the total gain required. If not, a 
medium-u triode may be used as a third 
stage. 

A high-» double triode with the sections in 
cascade makes a good low-level amplifier, and 
will give somewhat greater gain than a pentode 
followed by a medium-yz triode. With resistance- 
coupled input to the first section the cathode of 
that section may be grounded (contact potential 
bias), which is helpful in reducing hum. 


& SPEECH-AMPLIFIER CONSTRUCTION 


Once a suitable circuit has been selected for 
a speech amplifier, the construction problem 
resolves itself into avoiding two difficulties — 
excessive hum, and unwanted feedback. For 
reasonably humless operation, the hum voltage 
should not exceed about 1 per cent of the maxi- 
mum audio output voltage — that is, the hum 
and noise should be at least 40 db. below the 
output level. 

Unwanted feedback, if negative, will reduce 
the gain below the calculated value; if positive, is 
likely to cause self-oscillation or “howls.” Feed- 
back can be minimized by isolating each stage 
with decoupling resistors and capacitors, by 
avoiding layouts that bring the first and last 
stages near each other, and by shielding of “‘hot”’ 
points in the circuit, such as grid leads in low- 
level stages. 

Speech-amplifier equipment, especially voltage 
amplifiers, should be constructed on steel chassis, 
with all wiring kept below the chassis to take ad- 
vantage of the shielding afforded. Exposed leads, 
particularly to the grids of low-level high-gain 
tubes, are likely to pick up hum from the electric 
field that usually exists in the vicinity of house 
wiring. Even with the chassis, additional shield- 
ing of the input circuit of the first tube in a high- 
gain amplifier usually is necessary. In addition, 
such circuits should be separated as much as 
possible from power-supply transformers and 
chokes and also from any audio transformers that 
operate at fairly high power levels; this will mini- 
mize magnetic coupling to the grid circuit and 
thus reduce hum or audio-frequency feedback. 
It is always safe, although not absolutely neces- 
sary, to separate the speech amplifier and its 
power supply, building them on separate chassis. 

If a low-level microphone such as the crystal 
type is used, the microphone, its connecting cable, 
and the plug or connector by which it is attached 
to the speech amplifier, all should be shielded. The 
microphone and cable usually are constructed 
with suitable shielding; this should be connected 
to the speech-amplifier chassis, and it is advisable 
— as well as usually necessary — to connect the 
chassis to a ground such as a water pipe. With 
the top-cap tubes, complete shielding of the grid 
lead and grid cap is a necessity. 

Heater wiring should be kept as far as possible 
from grid leads, and either the center-tap or one 
side of the heater-transformer secondary winding 
should be connected to the chassis. If the center- 
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tap is grounded, the heater leads to each tube 
should be twisted together to reduce the magnetic 
field from the heater current. With either type of 
connection, it is advisable to lay heater leads in 
the corner formed by a fold in the chassis, bring- 
ing them out from the corner to the tube socket 
by the shortest possible path. 

When metal tubes are used, always ground the 
shell connection to the chassis. Glass tubes used 
in the low-level stages of high-gain amplifiers 
must be shielded; tube shields are obtainable for 
that purpose. It is a good plan to enclose the en- 
tire amplifier in a metal box, or at least provide it 
with a cane-metal cover, to avoid feedback diffi- 


culties caused by the r.f. field of the transmitter. 
R.f. picked up on exposed wiring, leads or tube 
elements causes overloading, distortion, and 
self-oscillation of the amplifier. 

When using paper capacitors as bypasses, be 
sure that the terminal marked “outside foil” is 
connected to ground. This utilizes the outside foil 
of the capacitor as a shield around the “hot” 
foil. When paper capacitors are used for coupling 
between stages, always connect the outside foil 
terminal to the side of the circuit having the 
lowest impedance to ground. Usually, this will 
be the plate side rather than the following-grid 
side. 
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@ cLAsSS AB AND B MODULATORS 


Class AB or B modulator circuits are basically 
identical no matter what the power output of the 
modulator. The diagrams of Fig. 9-5 therefore 
will serve for any modulator of this type that the 


amateur may elect to build. The triode circuit is. 


given at A and the circuit for tetrodes at B. When 
small tubes with indirectly heated cathodes are 
used, the cathodes should be connected to ground. 


Modulator Tubes 
The audio ratings of various types of trans- 
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Fig. 9-5—Modulator circuit diagrams. Tubes and circuit 


considerations are discussed in the text. 


+HV FOR 
MOD AMP 


mitting tubes are given in the chapter containing 
the tube tables. Choose a pair of tubes that is 
capable of delivering sine-wave audio power equal 
to somewhat more than half the d.c. input to the 
modulated Class C amplifier. It is sometimes 
convenient to use tubes that will operate at the 
same plate voltage as that applied to the Class C 
stage, because one power supply of adequate cur- 
rent capacity may then suffice for both stages. 
In estimating the output of the modulator, 
remember that the figures given in the.tables are 
for the tube output only, and do not include out- 
put-transformer losses. To be adequate for modu- 
lating the transmitter, the modulator 
should have a theoretical power capa- 
bility 15 to 25 per cent greater than the 
actual power needed for modulation 


Matching to Load 


In giving audio ratings on power 
tubes, manufacturers specify the plate- 
to-plate load impedance into which the 
tubes must operate to deliver the rated 
audio power output. This load imped- 
ance seldom is the same as the modu- 
lating impedance of the Class C rf. 
stage, so a match must be brought 
about by adjusting the turns ratio of 
the coupling transformer. The required 
turns ratio, primary to secondary, is 


axre va 
Nye ae 
1 m 
where N = Turns ratio, primary to 
elon secondary 
Zm = Modulating impedance of 
Class C r.f. amplifier 
clas Zp = Plate-to-plate load imped- 
MOD AMP ance for Class B tubes 


Example: The modulated r.f. amplifier is to 
operate at 1250 volts and 250 ma. The power 
input is 


P = EI = 1250 X 0.25 = 312 watts 
so the modulating power required is 312/2 = 


156 watts. Increasing this by 25% to allow for 
losses and a reasonable operating margin gives 
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-- 156 X 1.25 = 195 watts. The modulating im- 


pedance of the Class C stage is 
: E- 1250 
Zn = — TCs 5000 ohms. 


From the tube tables a pair of Class B tubes is 
selected that will give 200 watts output when 
working into a 6900-ohm load, plate-to-plate. 
The primary-to-secondary turns ratio of the 
modulation transformer therefore should be 


N - 4/2 = 4/220 = /1.38 = 1.175:1. 
5000 


The required transformer ratios for the ordinary 
range of impedances are shown graphically in 
Fig. 9-6. 

Many modulation transformers are provided 
with primary and secondary taps, so that various 
turns ratios can be obtained to meet the require- 
ments of particular tube combinations. How- 
ever, it may be that the exact turns ratio re- 
quired cannot be secured, even with a tapped 
modulation transformer. Small departures from 
the proper turns ratio will have no serious effect 
if the modulator is operating well within its capa- 
bilities; if the actual turns ratio is within 10 per 
cent of the ideal value, the system will operate 
satisfactorily. Where the discrepancy is larger, 
it is usually possible to choose a new set of 
operating conditions for the Class C stage to 
give a modulating impedance that can be 
matched by the turns ratio of the available 
transformer. This may require operating the Class 
C amplifier at higher voltage and less plate cur- 
rent, if the modulating impedance must be 
increased, or at lower voltage and higher current 
if the modulating impedance must be decreased. 
However, this process cannot be carried very far 
without exceeding the ratings of the Class C 
tubes for either plate voltage or plate current, 
even though the power input is kept at the same 
figure. 


Suppressing Audio Harmonics 


Distortion in either the driver or Class B modu- 
lator will cause a.f. harmonics that may lie out- 
side the frequency band needed for intelligible 
speech transmission. While it is almost impossible 
to avoid some distortion, it zs possible to cut 
down the amplitude of the higher-frequency 
harmonics, 

The purpose of capacitors C; and C2 across the 
primary and secondary, respectively, of the Class 
B output transformer in Fig. 9-5 is to reduce the 
strength of harmonics and unnecessary high- 
frequency components existing in the modulation. 
The capacitors act with the leakage inductance 
of the transformer winding to form a rudimentary 
low-pass filter. The values of capacitance required 
will depend on the load resistance (modulating 
impedance of the Class C amplifier) and the 
leakage inductance of the particular transformer 
used. In general, capacitances between about 
0.001 and 0.01 uf. will be required; the larger 
values are necessary with the lower values of load 
resistance. The voltage rating of each capacitor 
should at least be equal to the d.c. voltage at the 
transformer winding with which it is associated. 
In the case of C2, part of the total capacitance re- 
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Fig. 9-6—Transformer ratios for matching a Class C 

modulating impedance to the required plate-to-plate 

load for the Class B modulator. The ratios given on the 

curves are from total primary to secondary. Resistance 
values are in kilohms. 


quired will be supplied by the plate bypass or 
blocking capacitor in the modulated amplifier. 

A still better arrangement is to use a low-pass 
filter as shown later, even though clipping is not 
deliberately employed. 


Grid Bias 


Certain triodes designed for Class B audio work 
can be operated without grid bias. Besides 
eliminating the grid-bias supply, the fact that 
grid current flows over the whole audio cycle 
means that the load resistance for the driver is 
fairly constant. With these tubes the grid-return 
lead from the center-tap of the input transformer 
secondary is simply connected to the filament 
center-tap or cathode. 

When the modulator tubes require bias, it 
should always be supplied from a fixed voltage 
source. Cathode bias or grid-leak bias cannot be 
used with a Class B amplifier; with both types the 
bias changes with the amplitude of the signal 
voltage, whereas proper operation demands that 
the bias voltage be unvarying no matter what the 
strength of the signal. When only a small amount 
of bias is required it can be obtained conveniently 
from a few dry cells. For larger bias voltages a 
heavy-duty “‘B” battery may be used if the 
grid current does not exceed 40 or 50 milliam- 
peres on voice peaks. The batteries are charged 
by the grid current rather than discharged, but 
a battery nevertheless will deteriorate with time 
and its internal resistance will increase. When 
the increase in internal resistance becomes ap- 
preciable, the battery tends to act like a grid- 
leak resistor and the bias varies with the applied 
signal. Batteries should be checked with a volt- 
meter occasionally while the amplifier is operat- 
ing. If the bias varies more than 10 per cent or so 
with voice excitation, the battery should be 
replaced. 
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As an alternative to batteries, a regulated bias 
supply may be used. This type of supply is de- 
scribed in the power supply chapter. 


Plate Supply 


In addition to adequate filtering, the voltage 
regulation of the plate supply should be as good 
as it can be made. If the d.c. output voltage of 
the supply varies with the load current, the 
voltage at maximum current determines the 
amount of power that can be taken from the 
modulator without distortion. A supply whose 
voltage drops from 1500 at no load to 1250 at the 
full modulator plate current is a 1250-volt sup- 
ply, so far as the modulator is concerned, and any 
estimate of the power output available should 
be based on the lower figure. 

Good dynamic regulation—i.e., with sud- 
denly applied loads — is equally as important as 
good regulation under steady loads, since an in- 
stantaneous drop in voltage on voice peaks also 
will limit the output and cause distortion. The 
output capacitor of the supply should have as 
much capacitance as conditions permit. A value 
of at least 10 uf. should be used, and still larger 
values are desirable. It is better 
to use all the available capaci- 
tance in a single-section filter 
rather than to distribute it be- 
tween two sections. 

It is particularly important, 
in the case of a tetrode Class B 
stage, that the screen-voltage 
power-supply source have excel- 
lent regulation, to prevent dis- 
tortion. The screen voltage | 
should be set as exactly as pos- 
sible to the recommended value 
for the tube. The audio imped- 
ance between screen and cas 
thode also must be low. 


Overexcifation 


When a Class B amplifier is 
overdriven in an attempt to se- 
cure more than the rated power, 
distortion increases rapidly. The 
high-frequency harmonics which 
result from the distortion modu- 
late the transmitter, producing 
spurious sidebands which can 
cause serious interference over a 
band of frequencies several times 
the channel width required for 
speech. (This can happen even 
though the modulation percent- 
age, as defined in the chapter on 
amplitude modulation, is less 
than 100 per cent, if the modu- 
lator is incapable of delivering 
the audio power required to 
modulate the transmitter.) 

As shown later, such a con- 
dition may be reached by delib- 
erate design, in case the modu- 
lator is to be adjusted for peak 


clipping. But whether it happens by accident or 
intention, the splatter and spurious sidebands can 
be eliminated by inserting a low-pass filter (Fig. 
9-13) between the modulator and the modulated 
amplifier, and then taking care to see that the 
actual modulation of the r.f. amplifier does not 
exceed 100 per cent. 


Operation Without Load 


Excitation should never be applied to a Class 
B modulator unt'l after the Class C amplifier is 
turned on and is drawing the value of plate cur- 
rent required to present the rated load to the 
modulator. With no load to absorb the power, 
the primary impedance of the transformer rises 
to a high value and excessive audio voltages may 
be developed in the primary — frequently high 
enough to break down the transformer insulation. 


@ DRIVERS FOR CLASS-B 
MODULATORS 


Class ABg and Class B amplifiers are driven 
into the grid-current region, so power is con- 


CLASS-B 


BIAS GRIDS 


CLASS-B 
BIAS GRIDS 


Fig. 9-7—Triode driver circuits for Class B modulators. A, resistance 
coupling to grids; B, transformer coupling. Ri in A is the plate resistor 
for the preceding stage, value determined by the type of tube and 
operating conditions as given in Table 9-I. Ci and Re are the coupling 
capacitor and grid’ resistor, respectively; values also may be taken 
from Table 9-I. 


In both circuits the output transfomer, (T,T2,) should have the proper turns 
ratio to couple between the driver tubes and the Class B grids. Ty in 
B is usually a 2:1 transformer, secondary to primary. R, the cathode re- 
sistor, should be calculated for the particular tubes used. The value of C, 
the cathode bypass, is determined as described in the text. 
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Fig. 9-8—Speech-amplifier driver for 10-15 watts output. Capacitances are in uf. Resistors are Y2 watt un- 
less specified otherwise. Capacitors with polarity indicated are electrolytic; others may be paper or ceramic. 


CRi—Selenium rectifier, 20 ma. 

Ri—50,000-ohm potentiometer, preferably wire wound. 

Ti—Interstage audio transformer, single plate to push- 
pull grids, turns ratio 2 to 1 or 3 to 1, total 
secondary to primary. 

T2—Class-B driver transformer, 3000 ohms plate-to- 
plate; secondary impedance as required by 


sumed in the grid circuit. The preceding stage or 
driver must be capable of supplying this power at 
the required peak audio-frequency grid-to-grid 
voltage. Both of these quantities are given in the 
manufacturer’s tube ratings. The grids of the 
Class B tubes represent a varying load resistance 
over the audio-frequency cycle, because the grid 
current does not increase directly with the grid 
voltage. To prevent distortion, therefore, it is 
necessary to have a driving source that will main- 
tain the wave form of the signal without distor- 
tion even though the load varies. That is, the 
driver stage must have good regulation. To this 
end, it should be capable of delivering somewhat 
more power than is consumed by the Class B 
grids, as previously described in the discussion on 
speech amplifiers. 


Driver Tubes 


To secure good voltage regulation the internal 
impedance of the driver, as seen by the modula- 
tor grids, must be low. The principal component 
of this impedance is the plate resistance of the 
driver tube or tubes as reflected through the 
driver transformer. Hence for low driving-source 
impedance the effective plate resistance of the 
driver tubes should be low and the turns ratio 
of the driver transformer, primary to secondary, 
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Class-B tubes used; 15 wait rating. 

T3—Power transformer, 700 volts c.t., 110 ma.; 5 volts, 
3 amp.; 6.3 volts, 4 amp. 

Ts—Power transformer, 125 volts, 20 ma.; 6.3 volts, 
0.6 amp. 

T;—2.5-volt 5-ampere filament transformer (Thordarson 
21F00). 


should be as large as possible. The maximum 
turns ratio that can be used is that value which 
just permits developing the modulator grid-to- 
grid a.f. voltage required for the desired power 
output. The rated tube output as shown by the 
tube tables should be reduced by about 20 per 
cent to allow for losses in the Class B input 
transformer. 

Low-y triodes such as the 2A3 have low plate 
resistance and are therefore good tubes to use 
as drivers for Class ABy or Class B modulators. 
Tetrodes such as the 6V6 and 6L6 make very 
poor drivers in this respect when used without 
negative feedback, but with such feedback the 
effective plate resistance can be reduced to a 
value comparable with low-y triodes. 

Fig. 9-7 shows representative circuits for a 
push-pull triode driver using cathode bias. If the 
amplifier operates Class A the cathode resistor 
need not be bypassed, because the a.f. currents 
from each tube flowing in the cathode resistor 
are out of phase and cancel each other. However, 
in Class AB operation this is not true; consider- 
able distortion will be generated at high signal 
levels if the cathode resistor is not bypassed. 
The bypass capacitance required can be ealcu- 
lated by a simple rule: the cathode resistance in 
ohms multiplied by the bypass capacitance in 
microfarads should equal at least 25,000. The 


Modulators and Drivers 


voltage rating of the capacitor should be equal 
to the maximum bias voltage. This can be found 
from the maximum-signal plate current and the 
cathode resistance. 


Example: A pair of 2A3s is to be used in 
Class AB: self-biased. From the tube tables, the 
cathode resistance should be 780 ohms and the 
maximum-signal plate current 100 ma. From 
Ohm’s Law, 


E = RI = 780 X 0.10 = 78.6 volts 


From the rule mentioned previously, the by- 
pass capacitance required is 


C = 25,000/R = 25,000/780 = 32 uf. 
A 40- or 50-yf. 100-volt electrolytic capacitor 
would be satisfactory 

Fig. 9-8 is a typical circuit for a speech ampli- 
fier suitable for use as a driver for a Class ABo 
or Class B modulator. An output of about 13 
watts can be realized with the power supply 
circuit shown (or any similar well-filtered supply 
delivering 300 volts under load). This is sufficient 
for driving any of the power triodes commonly 
used as modulators. The 2A38s in the output 
stage are operated Class AB;. The circuit pro- 
vides several times the voltage gain needed for 
communications-type crystal or ceramic micro- 
phones. 

The two sections of a 12AX7 tube are used in 
the first two stages of the amplifier. These are 
resistance coupled, the gain control being in the 
grid circuit of the second stage. Although the 
cathode of the first stage is grounded and there is 
no separate bias supply for the grid, the grid 


+B +8 


Fig. 9-9—Negative-feedback circuits for drivers for Class B modu- 
lators. A—Single-ended beam-tetrode driver. If Vi and V2 are a 
6J5 and 6V6, respectively, or one section of a 6CG7 and a 6AQ5, 
the following values are suggested: Ri, 47,000 ohms; Re, 0.47 
megohm; Rs, 250 ohms; Rs, Rs, 22,000 ohms; Ci, 0.01 uf.; C2, 50 uf. 

B—Push-pull beam-tetrode driver. If Vi is a 6J5 or 6CG7 and V2 
and V3 6Lé6s, the following values are suggested: Ri, 0.1 megohm; 


Re, 22,000 ohms; R3, 250 ohms; Ci, 0.1 pf.; Co, 100 uf. 


bias actually is about one volt because of ‘‘con- 
tact potential.” 

The third stage uses a medium-y triode which 
is coupled to the 2A3 grids through a trans- 
former having a push-pull secondary. The ratio 
may be of the order of 2 to 1 (total secondary to 
primary) or higher; it is not critical since the gain 
is sufficient without a high step-up ratio. 

The output transformer, 72, should be selected 
to couple between push-pull 2A3s and the grids 
of the particular modulator tubes used. 

The power supply has a capacitor-input filter 
the output of which is applied to the 2A3 
plates through 79. For the lower-level stages, 
additional filtering is provided by successive 
RC filters which also serve to prevent audio feed- 
back through the plate supply. 

Grid bias for the 2A8s is furnished by a sep- 
arate supply using a small selenium rectifier 
and a TV “booster” transformer, 74. The bias 
may be adjusted by means of Ry, and should be 
set to —62 volts or to obtain a total plate current 
of 80 ma. (as measured in the lead to the primary 
center tap of 72) for the 2A3s. 

In building an amplifier of this type the con- 
structional precautions outlined earlier should 
be observed. The Class AB; modulators described 
subsequently in this chapter are representative of 
good constructional practice. 


Negative Feedback 


Whenever tetrodes or pentodes are used as 
drivers for Class B modulators, 
negative feedback should be used 
in the driver stage, for the reason 
already discussed. 

Suitable circuits for single-ended 
and push-pull tetrodes are shown in 
Fig. 9-9. Fig. 9-9A shows resistance 
coupling between the preceding 
stage and a single tetrode, such as 
the 6V6, that operates at the same 
plate voltage as the preceding stage. 
Part of the a.f. voltage across the 
primary of the output transformer 
is fed back to the grid of the tetrode, 
Vo, through the plate resistor of 
the preceding tube, V1. The total 
resistance of Rs and Rs in series 
should be ten or more times the 
rated load resistance of V2. Instead 
of the voltage divider, a tap on the 
transformer primary can be used to 
supply the feedback voltage, if 
such a tap is available. 

The amount of feedback voltage 
that appears at the grid of tube V2 
is determined by Ry, Re and the 
plate resistance of V1, as well as by 
the relationship between Ry, and Kz. 
Circuit values for typical tube 
combinations are given in detail in 
Fig. 9-9. 

The push-pull circuit in Fig. 9-9B 
requires an audio transformer with 
a split secondary. The feedback 
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voltage is obtained from the plate of each 
output tube by means of the voltage divider, 
R,, Ro. The blocking capacitor, C1, prevents the 
d.c. plate voltage from being applied to AyRo; 
the reactance of this capacitor should be low, 
compared with the sum of /; and Re, at the 
lowest audio frequency to be amplified. Also, 
the sum of R; and FR, should be high (ten times 
or more) compared with the rated load resistance 
for Vo and V3. 

In this circuit the feedback voltage that is 
developed across Rz appears at the grid of V2 
(or V3) through the transformer secondary and 
grid-cathode circuit of the tube, provided the 
tubes are not driven to grid current. The per cent 
feedback is 

R: 


RS TO 
Ri + Ro 


where n is the feedback percentage, and R; and 


R» are connected as shown in the diagram. The 
higher the feedback percentage, the lower the 
effective plate resistance. However, if the per- 
centage is made too high the preceding tube, V1, 
may not be able to develop enough voltage, 
through 7';, to drive the push-pull stage to maxi- 
mum output without itself generating harmonic 
distortion. Distortion in V, is not compensated 
for by the feedback circuit. 

If V2 and V3 are 6L6s operated dol lee in 
Class AB, with a load resistance of 9000 ohms, 
V, is a 6J5 or similar triode, and 7) has a turns 
ratio of 2-to-1, total secondary to primary, it is 
possible to use over 30 per cent feedback without 
going beyond the output-voltage capabilities of 
the triode. Twenty per cent feedback will reduce 
the effective plate resistance to the point where 
the output voltage regulation is better than that 
of 2A3s without feedback. The power output 
under these conditions is about 20 watts. 


Increasing the Effectiveness of the Phone Transmitter 


The effectiveness of an amateur phone trans- 
mitter can be increased to a considerable extent by 
taking advantage of speech characteristics. Meas- 
ures that may be taken to make the modulation 
more effective include band compression (filter- 
ing), volume compression, and speech clipping. 


Compressing the Frequency Band 


Most of the intelligibility in speech is con- 
tained in the medium band of frequencies; that is, 
between about 500 and 2500 cycles. On the other 
hand, a large portion of speech power is nor- 
mally found below 500 cycles. If these low fre- 
quencies are attenuated, the frequencies that 
carry most of the actual communication can be 
increased in amplitude without exceeding 100- 
per cent modulation, and the effectiveness of the 
transmitter is correspondingly increased. 

One simple way to reduce low-frequency re- 
sponse is to use small values of coupling capaci- 
tance between resistance-coupled stages, as shown 
in Fig. 9-10A. A time constant of 0.0005 second 
for the coupling capacitor and following-stage 
grid resistor will have little effect on the amplifi- 
cation at 500 cycles, but will practically halve it 
at 100 cycles. In two cascaded stages the gain 
will be down about 5 db. at 200 cycles and 10 db. 
at 100 cycles. When the grid resistor is 4 megohm 
a coupling capacitor of 0.001 uf. will give the 
required time constant. 

The high-frequency response can be reduced 
by using “‘tone control’ methods, utilizing a ca- 


pacitor in series with a variable resistor connected ° 


across an audio impedance at some point in the 
speech amplifier. The best spot for the tone con- 
trol is across the primary of the output trans- 
former of the speech amplifier, as in Fig. 9-10B. 
The capacitor should have a reactance at 1000 
cycles about equal to the load resistance required 
by the amplifier tube or tubes, while the variable 
resistor in series may have a value equal to four 
or five times the load resistance. The control can 
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be adjusted while listening to the amplifier, the 
object being to cut the high-frequency response 
without unduly sacrificing intelligibility. 
Restricting the frequency response not only 
puts more modulation power in the optimum fre-. 
quency band but also reduces hum, because the 
low-frequency response is reduced, and helps re- 
duce the width of the channel occupied by the 
transmission, because of the reduction in the 
amplitude of the high audio frequencies. 


Volume Compression 


Although it is obviously desirable to modulate 


47 
MEG 


(A) 


+B 


+B 


Fig. 9-10—A, use of a small coupling capacitor to reduce 
low-frequency response; B, tone-control circuits for re- 
ducing high-frequency response. Values for C and R are 
discussed in the text; 0.01 yf. and 25,000 ohms are typical. 


Increasing Phone Transmitter Effectiveness 


the transmitter as completely as possible, it is 
difficult to maintain constant voice intensity 
when speaking into the microphone. To overcome 
this variable output level, it is possible to use 
automatic gain control that follows the average 
(not instantaneous) variations in speech ampli- 
tude. This can be done by rectifying and filtering 
some of the audio output and applying the recti- 
fied and filtered d.c. to a control electrode in an 
early stage in the amplifier. 

A practical circuit for this purpose is shown 
in Fig. 9-11. Vi, a medium-y triode, has its grid 
connected in parallel with the grid of the last 
speech amplifier tube (the stage preceding the 
power stage) through the gain control R;. The 
amplified output is coupled to a full-wave recti- 
fier, Vo. The rectified audio output develops a 
negative d.c. voltage across CyR3, which has a 
sufficiently long time constant to hold the voltage 
at a reasonably steady value between syllables 
and words. The negative d.c. voltage is applied as 
control bias to the suppressor grid of the first tube 
in the speech amplifier (this circuit requires a pen- 
tode first stage), effecting a reduction in gain. The 
gain reduction is substantially proportional to the 
average microphone output and thus tends to 
hold the amplifier output at a constant level. 
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Fig. 9-11—Speech-amplifier output limiting circuit. 
Vi—6C4, 6C5, 6CG7, 6J5, 12AU7, etc. 
V2—6H6, 6AL5, etc. 
Ti — Interstage audio, single plate to p. p. grids. 


An adjustable bias is applied to the cathodes of 
V2 to cut off the tube at low levels and thus 
prevent rectification until a desired output level 
is reached. Ro is the ‘‘threshold control’’ which 
sets this level. Ri, the gain control, determines 
the rate at which the gain is reduced with in- 
creasing signal level. 

The hold-in time can be increased by increasing 
the resistance of R3. Co and R4 may not be neces- 
sary in all cases; their function is to prevent 
too-rapid gain reduction on a sudden voice peak. 
The “‘rise time”’ of this circuit can be increased 
by increasing C2 or R4, or both. 

The over-all gain of the system must be high 
enough so that full output can be secured at a 
moderately low voice level. 


Speech Clipping and Filtering 
In speech wave forms the average power con- 


tent is considerably less than in a sine wave of 
the same peak amplitude. Since modulation per- 
centage is based on peak values, the modulation 
or sideband power in a transmitter modulated 
100 per cent by an ordinary voice wave form will 
be considerably less than the sideband power in 
the same transmitter modulated 100 per cent by 
a sine wave. In other words, the modulation per- 
centage with voice wave forms is determined by 
peaks having relatively low average power con- 
tent. 

If the low-energy peaks are clipped off, the 
remaining wave form will have a considerably 
higher ratio of average power to peak amplitude. 
More sideband power will result, therefore, when 
such a clipped wave is used to modulate the 
transmitter 100 per cent. Although clipping dis- 
torts the wave form and the result therefore does 
net sound exactly like the original, it is possible 
to secure a worth-while increase in modula- 
tion power without sacrificing intelligibility. Once 
the system is properly adjusted zt will be impos- 
sible to overmodulate the transmitter because the 
maximum output amplitude is fixed. 

By itself, clipping generates the same high- 
order harmonics that overmodulation does, and 
therefore will cause splatter. To prevent. this, 
the audio frequencies above those needed for 
intelligible. speech must be filtered out, after clip- 
ping and before modulation. The filter required 
for this purpose should have relatively little at- 
tenuation at frequencies below about 2500 cycles, 
but high attenuation for all frequencies above 
3000 cycles. 

It is possible to use as much as 25 db. of clip- 
ping before intelligibility suffers; that is, if the 
original peak amplitude is 10 volts, the signal can 
be clipped to such an extent that the resulting 
maximum amplitude is less than one volt. If the 
original 10-volt signal represented the amplitude 
that caused 100-per-cent modulation on peaks, 
the clipped and filtered signal can then be ampli- 
fied up to the same 10-volt peak level for modu- 
lating the transmitter. 

There is a loss in naturalness with “‘deep”’ clip- 
ping, even though the voice is highly intelligible. 
With moderate clipping levels (6 to 12 db.) there 
is almost no change in ‘‘quality’”’ but the voice 
power is increased considerably. 

Before drastic clipping can be used, the speech 
signal must be amplified several times more than 
is necessary for normal modulation. Also, the 
hum and noise must be much lower than the 
tolerable level in ordinary amplification, because 
the noise in the output of the amplifier increases 
in proportion to the gain. 

One type of clipper-filter system is shown in — 
block form in Fig. 9-12A. The clipper is a peak- 
limiting rectifier of the same general type that is 
used in receiver noise limiters. It must clip both 
positive and negative peaks. The gain or clipping 
control] sets the amplitude at which clipping 
starts. Following the low-pass filter for elimi- 
nating the harmonic distortion frequencies is a 
second gain control, the ‘“‘level’’ or modulation 
control. This control is set initially so that the 
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Fig. 9-12—(A) Block diagram of speech-clipping and filtering amp- 
lifier. (B) Practical speech clipper circuit with low-pass filter. Capaci- 
tances below 0.001 uf. are in upf. Resistors are Y2 watt. 


L:—20 henrys, 900 ohms (Stancor C-1515). 
Si—D.p.d.t. toggle or rotary. 


amplitude-limited output of the clipper-filter 
cannot cause more than 100 per cent modulation. 

It should be noted that the peak amplitude 
of the audio wave form actually applied to the 
modulated stage in the transmitter is not neces- 
sarily held at the same relative level as the peak 
amplitude of the signal coming out of the clipper 
stage. When the clipped signal goes through the 
filter, the relative phases of the various fre- 
quency components that pass through the filter 
are shifted, particularly those components near 
the cut-off frequency. This may cause the peak 
amplitude out of the filter to exceed the peak 
amplitude of the clipped signal applied to the 
filter input terminals. Similar phase shifts can 
occur in amplifiers following the filter, especially 
if these amplifiers, including the modulator, do 
not have good low-frequency response. With 
poor low-frequency response the more-or-less 
“square” waves resulting from clipping tend to 
be changed into triangular waves having higher 
peak amplitude. Best practice is to cut the low- 
frequency response before clipping and to make 
all amplifiers following the clipper-filter as flat 
and distortion-free as possible. 

The best way to set the modulation control 
in such a system is to check the actual modulation 
percentage with an oscilloscope connected as de- 
scribed in the section on modulation. With the 
gain control set to give a desired clipping level 
with normal voice intensity, the level control 
should be adjusted so that the maximum modu- 
lation does not exceed 100 per cent no matter how 
much sound is applied to the microphone. 

A practical clipper-filter circuit is shown in 
Fig. 9-12B. It may be inserted between two 
speech-amplifier stages (but after the one having 
the gain control) where the level is normally a few 
volts. The cathode-coupled clipper circuit gives 
some over-all voltage gain in addition to perform- 
ing the clipping function. The filter constants 
are such as to give a cut-off characteristic that 
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combines reasonably good fidelity with 
adequate high-frequency suppression. 


High-Level Clipping and Filtering 


Clipping and filtering also can be 
done at high level — that is, at the point 
where the modulation is applied to the 
r.f. amplifier — instead of in the low- 
level stages of the speech amplifier. In 
one rather simple but effective arrange- 
ment of this type the clipping takes 
place in the Class-B modulator itself. 
This is accomplished by carefully ad- 
justing the plate-to-plate load resistance 
for the modulator tubes so that they 
saturate or clip peaks at the amplitude 
level that represents 100 per cent 
modulation. The load adjustment can 
be made by choice of output trans- 
former ratio or by adjusting the plate- 
voltage/plate-current ratio of the mod- 
ulated r.f. amplifier. It is best done by 
examining the output wave form with 
an oscilloscope. 

The filter for such a system consists of a choke 
coil and capacitors as shown in Fig. 9-13. The 
values of Z and C should be chosen to form a low- 
pass filter section having a cut-off frequency of 
about 2500 cycles, using the modulating imped- 
ance of the r.f. amplifier as the load resistance. 
For this cut-off frequency the formulas are 


=. Oose 
1 = 7850 and Cy. =Ca= R 
where F# is in ohms, Z, in henrys, and Cy and C2 
in microfarads. For example, with a plate-modu- 
lated amplifier operating at 1500 volts and 200 
ma. (modulating impedance 7500 ohms) Jy 
would be 7500/7850 = 0.96 henry and Cy or 
Ce would be 63.6/7500 = 0.0085 uf. Bypass 
capacitors in the plate circuit of the r.f. amplifier 
should be included in Co. Voltage ratings for Cy 
and C2 when connected as shown must be the same 
as for the plate blocking capacitor — i.e., at least 
twice the d.c. voltage applied to the plate of the 
modulated amplifier. Z and C values can vary 10 
per cent or so without seriously affecting the op- 
eration of the filter. 

Besides simplicity, the high-level system has 
the advantage that high-frequency components 


To 
Plate of 
Modulated 
Amplifier 


Fig. 9-13—Splatter-suppression filter for use at high 

level, shown here connected between a Class B modulator 

and plate-modulated r.f. amplifier. Values for Li, C; 
and Ce are determined as described in the text. 


A Low-Power Modulator 


of the audio signal fed to the modulator grids, 
whether present legitimately or as a result of 
amplitude distortion in lower-level stages, are 
suppressed along with the distortion components 
that arise in clipping. Also, the undesirable effects 
of poor low-frequency response following clipping 
and filtering, mentioned in the preceding section, 


are avoided. Phase shifts can still occur in the 
high-level filter, however, so adjustments prefer- 
ably should be made by using an oscilloscope to 
check the actual modulation percentage under 
all conditions of speech intensity. (For further 
discussion see Bruene, “‘ High-Level Clipping and 
Filtering”, OST’, November, 1951.) 


A Low-Power Modulator 


A modulator suitable for plate modulation of 
low-power transmitters or for screen or control- 
grid modulation of high-power amplifiers is 
pictured in Figs. 9-14 and 9-16. As shown in 
Fig. 9-15, it uses a pair of 6AQ5’s in push-pull 
in the output stage. These are driven by a 6C4 
phase inverter. A two-stage preamplifier using a 
12A X7 brings the output voltage of a crystal or 
ceramic microphone up to the proper level for 
the 6C4 grid. A power supply is included on the 
same chassis. 

The undistorted audio output of the amplifier 
is 7-8 watts. This is sufficient for modulating the 
plate of an r.f. amplifier running 10 to 15 watts 
input, or for modulating the control grids or 
screens of r.f. amplifiers using tubes having plate- 
dissipation ratings up to 250 watts. When screen 
modulation is used the screen power for the 
modulated amplifier (up to 250 volts) can be 
taken from the modulator power supply. The 
wiring shown in Fig. 9-15 provides for this, 
through an adjustable tap on the 25,000-ohm 
bleeder resistor, Rs, in the power supply. If a 
separate screen supply is used, or if the modulator 
is used for grid-bias or plate modulation of an 
r.f. amplifier, the d.c. circuit should be opened 
at point “X”’ in Fig. 9-15. 

The amplifier uses resistance coupling up to the 
output-stage grids. The first section, Via, of the 
12AX7 has “‘contact-potential’’ bias. The gain 
control, R,, is in the grid circuit of the second 
section, Vip, of the 12AX7. Negative feedback 
from the secondary of the output transformer, 
Ti, is introduced at the cathode of this tube 
section. The feedback voltage is dependent on 


Fig. 9-14—Speech amplifier and low-power modulator 
suitable for screen or control-grid modulation of high- 
power amplifiers, or for plate modulation of an r.f. stage 
with up to 15 watts plate input. It is assembled on a 
7 X 9 X 2-inch steel chassis, with the power supply 
occupying the left-hand section and the audio circuits the 
right. The 12AX7 preamplifier is at the lower right-hand 
corner, the 6C4 phase inverter is to its left, and the 
6AQ5 power amplifiers are behind the two. Controls 
along the chassis edge are, left to right, the power switch, 
send-receive switch, gain control, and microphone jack. 


the ratio of Ry to R3, approximately, and with the 
constants given is sufficient to result in a con- 
siderable reduction in distortion along with im- 
proved regulation of the audio output voltage. 
The latter is important when the unit is used for 
modulating a screen or control grid, as described 
in the chapter on amplitude modulation. 

The phase inverter is of the split-load type 
described earlier in this chapter. It drives the 
push-pull 6AQ5’s in the power amplifier. The 
output transformer used in the power stage is a 
multitap modulation transformer suitable for 
any of the types of modulation mentioned above. 

Capacitor Cy; across the secondary of the 
output transformer, 7, is used to reduce the 
high-frequency response of the amplifier. Without 
it, self-oscillation is likely to occur at a high 
audio frequency (usually above audibility) be- 
cause phase shift in the output transformer at 
the end of its useful frequency range causes the 
feedback to become positive. 

The power supply uses a replacement-type 
transformer and choke with a capacitor-input 
filter. Voltage under the modulator and speech- 
amplifier load is 250. The decoupling resistance- 
capacitance networks in the plate circuits of 
Via and Vyp contribute additional smoothing of 
the d.c. for these low-level stages. 

The unit includes provision for send-receive 
switching, S; being used for that purpose. Sip 
can be used to control the r.f. section — for ex- 
ample, by being connected in parallel with the 
key used for c.w. operation. Simultaneously 
Sia short-circuits the secondary of 7; so the 
transformer will not be damaged by being left 
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Fig. 9-15—Circuit of the speech amplifier and modulator. All capacitances are in pf.; ca- 
pacitors with polarities marked are electrolytic, others are ceramic. Resistors are 2 watt 
except as noted below. Voltages measured to chassis with v.t. voltmeter. 


Ji —Microphone connector (Amphenol 75-PC1M). 

Li1—10 henrys, 90 ma. (Triad C-7X). 

$i—D.p.d.t. toggle. 

So—S.p.s.t. toggle. 

Ti—Modulation transformer, tapped secondary, primary 
10,000 ohms plate to plate (Thordarson 21M68). 


without load. If Sip is connected across the 
transmitter key, S; also can be used as a phone- 
c.w. switch, being left in the ‘‘R” position for 
¢.w. operation. 

The terminals marked ‘‘B Switch” should be 
short circuited (indicated by the dashed line) if 
S; is used as a send-receive switch. If a switch 
on the transmitter is used for send-receive, 
these terminals may be used for turning the 
plate voltage in the modulator on and off through 


T2—Power transformer, 525 v.c.t., 90 ma.; 6.3 v., 5 amp.; 
5 v., 2 amp. (Triad R-10A). 

R2—1500 ohms, 2 watt. 

Ra—App. 200 ohms, 2 watts (two 390-ohm 1-watt re- 
sistors in parallel). 


an extra pair of contacts on the transmitter send- 
receive switch. In that case S; should be left in 
the ‘‘send”’ position for phone operation. 

The proper secondary taps to use on 7; will 
depend on the impedance of the load to which 
the amplifier is connected. Methods for determin- 
ing the modulating impedance with various types 
of modulation are given in the section on ampli- 
tude modulation, together with information on 
connecting the modulator to the r.f. stage. 


Fig. 9-16—Below-chassis view of 
the modulator. The rectifier-tube 
socket and electrolytic filter ca- 
pacitors are at the right in this 
view. The 12AX7 socket is at the 
lower left. Bleeder resistor Rs is at 
the upper left, near the 6-terminal 
connection strip on the rear edge 
of the chassis. Placement of com- 
ponents is not critical, but the leads 
in the first two stages should be 
kept short and close to the chassis 
to minimize hum troubles. 


A 25-Watt Modulator 


A 25-Watt Modulator using Push-Pull 6BQ6GTs 


The speech amplifier-modulator shown in Figs. 
9-17 to 9-19, inclusive, can be used for plate 
modulation of low-power transmitters running 
25 to 50 watts input to the final stage. The circuit 
as shown is capable of an audio output of 25 watts, 
but this can be increased to 30 watts by a simple 
modification. The 6BQ6s in the output stage are 
operated in Class AB;. Inexpensive receiver-type 
replacement components are used throughout. 
except for the modulation transformer, 


Circuit 

The speech amplifier uses a pentode first stage 
resistance-coupled to a triode second stage. This 
combination gives sufficient gain for a crystal 
microphone. The pentode and triode are the two 
sections of a dual tube, the 6AN8. Transformer 
coupling is used between the triode and the 
modulator tubes, in order to get push-pull voltage 
for the 6BQ6GT grids. Cathode bias is used on 
the final stage. 

The coupling capacitance between the first and 
second stages is purposely made small to reduce 
the low-frequency response, and the primary of 
the output transformer is shunted by C2 to reduce 
the amplification at the high-frequency end. 
Ci, on the first stage, also tends to reduce high- 
frequency response in addition to bypassing 
any r.f. that might be picked up on the micro- 
phone cord. These measures confine the frequency 
response to the most useful portion of the voice 
range. 

Se is the “‘send-receive’”’ switch. One section 
opens the power transformer center tap, thus 
cutting off the plate voltage during receiving 
periods. The other section can be connected to 
the key terminals on the transmitter, as indicated 
in the circuit diagram, to turn the transmitter 
on and off along with the modulator. If the 
transmitter is one in which the oscillator is not 


Fig. 9-17—A modulator for transmit- 
ters operating at plate inputs up to 50 
watts. The speech amplifier and modu- 
lator are at the lef jin this view; power 
supply components are at the right. 
The chassis is 7 X 11 X 2 inches. 


keyed, Sep may be used to control the trans- 
mitter plate voltage, usually by being connected 
in the 115-volt circuit to the plate-supply trans- 
former. 

The ‘‘phone-c.w.’’ switch, .S3, short-circuits 
the secondary of the modulation transformer, 
T'3, when the transmitter is to be keyed, and also 
opens the center-tap of 7; so plate voltage cannot 
be applied to the modulator. 

The power supply uses a receiver replacement- 
type transformer with a capacitor-input filter. 
Additional filtering for the speech-amplifier stages 
is provided by the 10-yf. capacitors and the 
series resistors in the plate circuits. Hum is also 
reduced by the VR-150 used to regulate the 
modulator screen voltage. Note that the regulator 
tube is connected between the screens and 
cathodes so that the actual screen voltage is 150 
and is not reduced by the drop in the cathode 
bias resistor. Maintaining full screen voltage is 
important if the rated output is to be secured. 


Operating 


The 6BQ6GT amplifier requires a plate-to- 
plate load of 4000 ohms, and the output trans- 
former ratio must be chosen to reflect this load 
to the plates (see later section on matching a 
modulator to its load). For most small trans- 
mitters running 30 to 50 watts input to the final 
stage a 1-to-1 transformer ratio will be satisfactory, 
since the modulating impedance of such trans- 
mitters usually is in the neighborhood of 4000 
ohms. The secondary of 7’3 is connected in series 
with the d.c. lead to the plate (and screen, if a 
screen-grid tube) of the Class C amplifier to be 
modulated. For further details, see the chapter 
on amplitude modulation. 

For checking the modulator operation a milli- 
ammeter (0-200 range satisfactory) may be 
connected in the lead to the center-tap of the 
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Fig. 9-18—Circuit diagram of the 25-watt modulator. Capacitances below 0.001 uf. are in 
put. Capacitors up to 0.01 uf. are ceramic. Resistors are Y2 watt unless otherwise specified. 


Li—8 henrys, 150 ma. 

$i—S.p.s.t. toggle. 

Se—D.p.d.t. toggle. 

S3—2-pole 2-position rotary (Centralab PA-2003)., 


primary of 7’3. Without voice input to the micro- 
phone the plate current should be approximately 
50 ma. When modulating the transmitter, the 
current should ‘‘kick”’ to 60 or 70 ma.; this will 
usually represent 100 per cent modulation. If the 
amplifier can be tested with a single-tone signal 
replacing the microphone, the plate current will 
be about 165 ma. at full output. . 
The audio power output can be increased to 
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T:—Power transformer, 650 volts c.t., 150 ma. 5 volts 
3 amp.; 6.3 volts, 5 amp. 

T2—Interstage audio, single plate to p.p. grids, pri, to 
total sec. ratio 1 to 3. 

Ts—Modulation transformer, multimatch type (UTC S-19). 


about 30 watts, sufficient for modulating an 807 
at its full phone rating, if the 6BQ6GT cathodes 
are grounded and bias of about 30 volts from a 
fixed source such as a small battery is applied to 
the grids. The battery may be substituted for the 
cathode resistor if the ground connection is 
moved from the center tap of the secondary of 
Tz to the cathodes of the 6BQ6GTs. 
(From QST’, December, 1955.) 


Fig. 9-19—Under- 
chassis view of the 
6BQ6GT modulator. 
The two large capaci- 
tors at the right are the 
filter capacitors in the 
power supply. The mod- 
ulator bias resistor and 
bypass capacitor (RiC3) 
are at lower left. Leads 
from the modulation 
transformer go through 
the three holes in the 
chassis. Shielded wire is 
used for heater, micro- 
phone input, and gain- 
control leads. 


A 50-Watt Modulator 


A 50-Watt Class AB, Modulator 


Four type 1625 tubes were used in the output 
stage of the modulator shown in Figs. 9-20 and 
9-22 for several good reasons. These tubes, 12-volt 
heater versions of the popular 807, are widely 
available on the surplus market at attractive 
prices. With the economical power supply shown 
here, four 1625s will deliver up to 50 watts of 
audio, sufficient to modulate a 100-watt trans- 
mitter. At higher plate voltages, four 1625s in 
Class AB, will furnish up to 140 watts (at 750 
plate volts), sufficient to modulate a 280-watt 
transmitter. 

Referring to the circuit diagram, the speech 
amplifier consists of a 6AV6 triode and the two 
triodes of a 6CG7. Transformer coupling between 
Vip and the modulator tubes gives adequate 
signal for the 1625s at any rated plate voltage. 
A built-in bias supply, using a voltage-tripling 
circuit and selenium rectifiers Chi, CR and CRs, 
furnishes operating bias that can be set to the 
proper value by FR». During standby conditions, 
the modulator is turned off by opening the circuit 
at J3 or by adding additional bias through J/4. 
Since connecting four tetrodes in push-pull paral- 


lel can often yield parasitic oscillations, resistors 
are connected in both control and screen grid 
circuits of the modulator tubes. With these re- 
sistors present, there should be no instabilities of 
any kind. The low- and high-frequency responses 
are restricted to good communications levels by 
proper proportioning of the coupling capacitors 
and the shunt capacitors. The 0.004-uf. capacitor 
across the secondary of 72 will have a greater 
effect on restricting high-frequency response if a 
high-voltage low-current amplifier is being modu- 
lated than if a low-voltage high-current r.f. stage 
is used. The 0.004-uf. value was selected for use 
with a 400-volt 200-ma. amplifier. 

Provision for connecting an external modula- 
tion monitor (see Chapter 10) is included, as well 
as a power outlet, Js, for the monitor or other 
auxiliary equipment. 


Construction 


The modulator is built on a 17 X 10  3-inch 
steel chassis, although an aluminum chassis 


would probably be almost as strong and would 
be definitely easier to drill and punch. The com- 


_ Fig. 9-20—A 50-watt modulator, using four 1625-type tubes in Class ABi. With higher plate voltage and a larger 
modulation transformer, the tubes can deliver up to 140 watts of audio power. 

Speech amplifier tubes and coupling transformer are at the right, in front of the four 1625s. The two voltage-regulator 
tubes in the center, in front of the modulation transformer, stabilize the screen voltage on the 1625s. 

Power-supply filter choke is at the upper left-hand corner, and the small choke to the immediate right is connected in the 
screen circuit if a screen-grid r.f. amplifier is used. If desired, a cane-metal housing can be used over the modulator, but 
the use of high-voltage wire and insulated plate caps practically eliminates the danger of electrical shock when the unit 
is in its normal position. 
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Fig. 9-21 —Circuit diagram of the 50-watt modulator. Unless specified otherwise, capacitances are in yf., resistances are 
in ohms, resistors are /2 watt. 


C:—0.004 wuf., but subject to modification. See text. 

CRi, CRe, CRs —20-ma. 130-v. selenium rectifier. 

E,, Es, Es—Nylon tip jacks (Johnson 105-601, 105-602 
105-603). 

1: —6.3-volt pilot lamp. 

J;—Microphone connector (Amphenol 75-PC1M). 

J2—4-prong tube socket. 

J3, Js—2-pin chassis-mounting a.c. receptacle (Amphenol 
61-Fl). 

J4—Phono jack. 

Li —Screen choke, used when modulating tetrode amplifier. 


ponents were arranged to keep a.c. leads a rea- 
sonable distance away from the speech-amplifier 
circuits, and the heater leads to the 6AV6 and 
6CG7 were run in shielded wire. These shielded 
leads, and the shielded leads carrying 115 v. a. c., 
were run along the folded corners of the chassis. 
Another precaution in wiring the modulator is to 
keep the leads to and from 72 away from the 
speech-amplifier portion of the modulator, to 
reduce the chances for feedback and consequent 
audio oscillation. The leads to and from 7’, should 
be made with well-insulated wire, and wherever 
they pass through the chassis rubber grommets 
should be used. 

The connections to 7'2 will depend upon the 
voltage-to-current ratio of the d.c. input to the 
modulated stage. With the power supply shown, 
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L2—8.5-henry 200-ma. filter choke (Knight 61 G 409 or 
equiv.). 

Pi—A.c. line plug. 

Ri— Volume control, audio taper. 

R2—2-watt wirewound control, linear taper. 

Si—S.p.s.t. toggle switch. 

T:—1:3 ratio interstage transformer (Triad A-31X). 

Tz—60-watt modulation transformer (Stancor A-3893). 

Ts—400-0-400 v, at 200 ma., 5 v. at3 a, 6.3v.at5a 
(Knight 61 G 420 or equiv.). 

Ta—12.6 v. at 2 a. (Knight 61 G 420 or equiv.). 


the modulator is well suited to work with the 
75-watt 6DQ5. transmitter and the 90-watt 
all-purpose amplifier described in Chapter Six. 
The proper load for the four 1625s, with 450 volts 
on the plates, is 3800 ohms, rising to 6000 ohms 
with 750 volts on the plates. An instruction sheet 
is furnished with the transformer; to determine 
the transformer taps to be used, first measure the 
plate voltage and current of the modulated stage. 
Divide the voltage by the current in amperes, to 
determine the secondary load, and from the 
instruction sheet select the connections that 
come closest to matching the secondary load to 
3800 ohms. Although it is not likely that an exact 
match will be possible, it is of little or no con- 
sequence. The ratio of the impedances is the im- 
portant consideration. 


A 50-Watt Modulator 


Operation 


When the modulator is completed, connect a 
key or other external switch temporarily at J3, 
and short-circuit J4. Plug P; into an a.c. outlet, 
plug in the 5U4-GB and the 0D3s, and turn on 
Si. The filament of the 5U4-GB should glow. 
Close the key or switch at J3; the OD8s should 
light. Open the external switch and plug in the 
speech amplifier tubes. After allowing time for 
the 6AV6 and 6CG7 to warm up, as indicated 
by the heater glow, turn on the external switch 
and turn off S;. Allow a half minute for the filter 
capacitors to be discharged by the speech ampli- 
fier tubes, and then check with a voltmeter that 
no charge is left in the filter. Open the external 
switch, plug in the 1625s, and close S,. After the 
heaters warm up, set the arm of FR, to give a 
voltage of —32 between arm and chassis. Con- 
nect the transmitter or a dummy load to the 
modulator output (never operate the modulator 
without a load; the modulation transformer in- 
sulation may break down). Set the volume con- 
trol at minimum (arm of A, at chassis end) and 
close J3. With a microphone connected at J1, 
speaking into the mike and slowly opening Rj 
should deliver audio output from the modulator. 


To obtain more power from the four 1625s, it is 
necessary to use a higher-powered modulation 
transformer at 72 and to raise the plate voltage 
and grid bias. At 750 volts on the plates, the bias 
should be —35 volts. 

The modulator should be turned on and off 
with the transmitter, so that a load is always 
furnished for the transformer. The modulator 
can be placed on standby by opening the circuit 
at J3, or by adding additional negative voltage 
at J4, depending upon the basic station control 
circuitry. 

If a number of 1625s are available, it is de- 
sirable to select four that have substantially the 
same plate current (28 ma.) for the —32 volts 
bias. The plate currents of the individual tubes 
can be measured between insulating plate cap 
and the tube plate cap, connecting the + termi- 
nal of the milliammeter to the transformer lead. 
Turn off the equipment between measurements 
to avoid the possibility of a dangerous electrical 
shock. 

As with any modulator using an output trans- 
former, the secondary winding should be short- 
circuited (or the modulator disconnected) when 
the r.f. amplifier is used for c.w. or as a linear 
amplifier. 


Fig. 9-22—Under the chassis of the 50-watt modulator. Three selenium rectifiers in the bias supply are mounted on the 

left-hand wall of the chassis. Associated components are grouped around the speech-amplifer sockets (upper right). 
Components mounted on the rear apron of the chassis, from left to right, are bias potentiometer,.audio power socket 

Jz, external bias connection J4, external switch connection J3, modulation monitor terminals E:, E2 and Es, and the accessory 


socket Js. 


Shielded wire is used on 60-cycle a.c. leads in the power transformer primaries and secondaries to reduce the possibil- 


ity of hum pick-up in the speech amplifier section. 
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A 6146 Modulator and Speech Amplifier 


The modulator shown in Figs. 9-23 to 9-25, 
inclusive, uses a pair of 6146s in ABy, and is 
complete with power and bias supplies on a 
10 X 17 X 3-inch chassis. The modulator also is 
equipped with an audio take-off for scope 
monitoring. 

The audio power that can be obtained (based 
on measurements) is as follows: 


Nominal Plate-to-Plate 
Plate Voltage Power Output Load Resistance 
500 volts 75 watts 4200 ohms 
600 volts 95 watts 5200 ohms 
750 volts 120 watts 6700 ohms 


Suitable sets of components for all three of the 
voltages listed above are readily available, so the 
power level can be selected to suit the Class C 
amplifier to be modulated. The modulator shown 
in the photographs is set up for 750-volt opera- 
tion, but aside from the power and modulation 
transformers all components are the same re- 
gardless of the voltage level. 


Audio Circuits 


As shown in the circuit diagram, Fig. 9-24, 
the audio system consists of a 12AX7 preampli- 
fier with the two tube sections in cascade, fol- 
lowed by a 6C4 voltage amplifier which is trans- 
former-coupled to the grids of the Class AB, 
modulator tubes. The combination provides am- 
ple gain for a communications-type crystal, ce- 
ramic, or dynamic microphone. 

The first stage of the amplifier is ‘‘contact- 
potential”? biased, and is resistance-coupled to 
the second stage. The gain control, 1, is in the 
grid circuit of the second stage. Decoupling re- 
sistors and capacitors are included in the plate- 
supply circuits of these two stages; these de- 
coupling circuits also provide additional plate- 
supply hum filtering for the two low-level stages. 

The secondary of 7, the transformer coupling 
the third speech stage to the modulator grids, is 
shunted by a 470-uuf. capacitor to reduce high- 


Fig. 9-23—Class-AB; modulator using 
6146s, complete with speech amplifier 
and power supply. The relay-rack 
panel is 10'/-inches high. Plate- and 
filament-supply primary switches, each 
with its own pilot lamp, are near the 
lower edge of the panel. The gain 
control is at lower center. Along the 
front of the chassis, just behind the 
panel, are the plate power trans- 
former, filter choke, and modulation 
transformer, going from left to right. 
The tubes at the left are the 816 rec- 
tifiers, with the 6146s at the right. 
Along the rear edge are the two 
voltage-regulator tubes, the 12AX7 
and 6C4 speech amplifier tubes, and 
the interstage audio transformer, Ti. 
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frequency response. The optimum value of ca- 
pacitance will depend on the particular type of 
audio transformer selected, as well as on the high- 
frequency characteristics of the microphone em- 
ployed. Different values should be tried with the 
object of cutting the high-frequency response as 
much as possible, consistent with intelligibility. 

The modulation transformer is of the multi- 
match type, and the taps should be selected to 
reflect the proper plate-to-plate load impedance, 
as given earlier, for the desired power output. 
The impedance ratio, secondary to primary, will 
depend on the modulating impedance of the mod- 
ulated r.f. amplifier, as described earlier in this 
chapter. The secondary of the modulation trans- 
former is shunted by Cj, to reduce output at the 
higher audio frequencies, particularly for attenu- 
ating high-frequency harmonics that might be 
generated in the modulator at high output levels. 
The value suggested (0.005 uf.) is an average 
figure and should be modified according to the 
modulating impedance of the Class-C stage as 
discussed earlier in this chapter. 


Power Supply 


Plate power for all tubes in the unit is supplied 
by a single power transformer. Mercury-vapor 
rectifiers are used because good voltage regula- 
tion is desirable. The filter is a single section with 
choke input and a large (over 25 uf.) output ca- 
pacitance. The filter capacitor consists of three 
80-uf. 450-volt electrolytic capacitors in series for 
750-volt d.c. output. If the output voltage is 600 
or less only two capacitors in series will be 
needed. These capacitors are shunted by 0.1- ‘ 
megohm resistors to help equalize the d.c. volt- 
ages across them. 

The 200-volt (approximately) supply for the 
6146 screens and the plates of the speech-ampli- 
fier tubes is taken from the main supply through 
a dropping resistor, and is regulated by two 0B2 
voltage-regulator tubes in series. A 20-yf. ca- 


A 120-Watt Modulator 


PREAMP 


AMP. 


MODULATOR 


6146 +} 


AUDIO 
OUTPUT 


Fig. 9-24—Circuit diagram of the 6146 modulator and power supply. Capacitances are in uf. unless indicated other- 
wise; capacitors marked with polarity are electrolytic, others may be paper or ceramic as convenient. Resisfances are 
in ohms; resistors are 2 watt except as indicated. 


Ci—See text. 
CRi—Selenium rectifier, 20 ma. or higher rating, 130 
volts. 


li—6.3-volt pilot lamp. 

lz—Neon lamp, NE-51. 

Ji—Microphone connector (Amphenol 75-PC1M). 
J2—Phono jack. 

Jz, Ja—115-volt chassis-mounting plug (Amphenol 61-M1). 
Ki—Antenna changeover relay, 115-volt coil (Advance 
AH/2C/115VA; type AM also suitable). 

Li1—Filter choke, 10 henrys, 300 ma. (Triad C-19A). 

Ri —0.5-megohm control, audio taper. 
Re—50,000-ohm wire-wound control, 4 watts. 
R3—15,000-ohm adjustable, 50 watts. 

S1, Se—S.p.s.t. toggle. 

S3—S.p.s.t., mounted on Ri. 


pacitor is connected across the VR tubes to im- 
prove the dynamic regulation in the 6146 screen 
circuit, since the peak instantaneous screen cur- 
rent exceeds the regulating capacity (80 ma.) of 
the VR tubes when the modulator is driven to 
maximum output. 

Fixed bias for the 6146 grids is taken from a 
built-in bias supply using a TV “booster” trans- 
former with a selenium rectifier. This bias is 


Ti—Interstage audio, single plate to p.p. grids, 3-to-? 
secondary-to-primary ratio (Stancor A-63-C). 

Tz—Multimatch modulation transformer, 125 watts (Triad 
M-12AL). 

Tz—Filament transformer, 6.3 volts at 4 amp. (Triad 
F-53X). | 

Ta—Power transformer, 117 volts at 20 ma.; 6,3-volt 
winding unused (Thordarson 26R32). 

Ts—Plate transformer. For 500 volts d.c.: 1235 volts c.t., 
310 ma. (Triad P-7A); for 600 volts d.c.: 1455 
volts c.t., 310 ma. (Triad P-11A). Transformer 
shown is for either 600 or 750 volts d.c. output 
at 310 ma.; sec. voltage 1780 c.t. for 750 
volts (Triad P-14A). 

Ts—Filament transformer, 5 volts at 3 amp., 2500-volt 
insulation (Stancor P-4088). 


adjustable by means of Ry. The bias supply 
and filament transformer are on the same a.c. 
circuit so that bias is applied to the modulator 
grids whenever the tube heaters are energized. 


Control and Auxiliary Circuits 


The modulator includes an oscilloscope take- 
off circuit consisting of the 0.05-uf. capacitor and 
three 1-megohm resistors in series. This can be 
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Fig. 9-25—Below-chassis view of the 6146 modulator. The 816 sockets and filament transformer (Ts) are at the lower 

left. The chassis wall at the bottom has on it, left to right, the 115-volt a.c. plugs, fuse holders, bias control (Re), micro- 

phone input connector (J:), scope take-off connector (J2) and a three-terminal strip (Millen 37303) for audio output and 

positive high voltage connections. The high-voltage filter capacitor bank is in the center, mounted on a plate of plastic 

insulation which is supported away from the chassis on small pillars. The 6.3-volt transformer (Tz) is to the right of the 

capacitors. The antenna changeover relay used for shorting the modulation-transformer secondary is on the right-hand 
chassis wall. 


used for horizontal deflection of a c.r. tube to give 
the trapezoidal modulation pattern (see chapter 
on amplitude modulation). Usually, it will be 
necessary to use an external control for adjusting 
the amplitude of the sweep voltage so obtained. 
If desired, a 1-megohm control can be substituted 
for the fixed resistor at the bottom of the string, 
thus avoiding the necessity for an external 
control. 

The normally closed contacts of an antenna- 
type relay, Ky, are used to short-circuit the sec- 
ondary of the modulation transformer when the 
transmitter is to be used for c.w. work. The 
switch, S3, that controls the relay is mounted 
on the gain control, Ri, so that when the gain is 
turned all the way off, thus opening the switch, 
the relay contacts close. This insures that the 
modulator is inoperative and cannot be driven 
by accidental voice input (which would result 
in excessive plate current) when the transformer 
secondary is short-circuited. 

Separate a.c. inputs are provided for the fila- 
ment-bias and plate power circuits. The plate 
supply can thus be controlled by an external 
switch without disturbing the operation of the 
filament circuits or requiring a modification of 
the 115-volt wiring. 

Terminals are provided for taking out high- 
voltage d.c. for an external unit. The power- 
supply equipment has more capacity than is 
needed by the modulator unit itself (the rating 
for amateur-type service 1s somewhat over 300 
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ma.) and may in some eases be sufficient for op- 
eration of the modulated r.f. amplifier as well. At 
least 200 ma. should be available for this purpose, 
since the average plate-supply current in the 
modulator unit alone is less than 100 ma., in- 
cluding the speech-amplifier and VR-tube drain. 


Operating Data 


The dropping resistor in the screen-supply cir- 
cuit should be adjusted so that the current 
through OB2s is 30 ma. with the bias on the 
6146 grids adjusted so that the no-signal plate 
current is approximately 50 ma. The current 
through the VR tubes may be measured by tem- 
porarily opening the lead to the upper OB2 at 
pin 5 and inserting a milliammeter of appro- 
priate range. 

If a sine-wave signal is used for testing the 
modulator, full output should be secured with 
a modulator plate current of approximately 240 
ma. This value will be the same for all plate 
voltages, provided the screen voltage is main- 
tained at approximately 200 volts and the values 
of plate-to-plate load resistance as_ specified 
earlier are used. With voice input the plate cur- 
rent will kick up to about 100 ma. on peaks, de- 
pending on the characteristics of the speaker’s 
voice and those of the microphone used. This 
peak value should be determined under actual 
operating conditions with an oscilloscope, after 
which the plate milliammeter can be used as a 
modulation indicator. 


A Class B Modulator 


Class B Modulator with Filter 


Representative Class B modulator construc- 
tion is illustrated by the unit shown in Figs. 9-26 
and 9-28. This modulator includes a splatter 


Fig. 9-26—A typical Class B modulator arrangement. 

This unit uses a pair of 811As, capable of an audio power 

output of 340 watts, and includes a splatter filter. The 

modulation transformer is at the left and the splatter 

choke at the right. All high-voltage terminals are covered 
so they cannot be touched accidentally. 


filter, C\CoL, in the circuit diagram, Fig. 9-27, 
and also has provision for short-circuiting the 
modulation transformer secondary when c.w. is 
to be used. 

The audio input transformer is not built into 
this unit, it being assumed that this transformer 


TO PLATE 


NS V. FROM 
CONTROL UNIT 


5 Vv. TO MOD. 
PLATE SUPPLY 


Fig. 9-27 —Circuit diagram of the Class B modulator. 

Ci, Ce, Li—See text. (Li is Chicago Transformer type 
SR-300). 

Ki—D.p.d.t. relay, high-voltage insulation (Advance type 
400). 

M—O-500 d.c. milliammeter, bakelite case. 

Ti—Variable-ratio modulation transformer 
Transformer type CMS-1). 

T2—Filament transformer, 6.3 v., 8 amp. 

h—6.3-volt pilot light. 

Xi, X2—Chassis-type 115-volt plugs, male. 

X3—Chassis-type 115-volt receptacle, female. 

Si—S.p.s.t. toggle. 


(Chicago 


OF R.F. AMR 


will be included in the driver assembly as is cus- 
tomary. If the modulator and speech amplifier- 
driver are mounted in the same rack or cabinet, 
the length of leads from the driver to the modu- 
lator grids presents no problem. The bias required 
by the modulator tubes at their higher plate- 
voltage ratings should be fed through the center 
tap on the secondary of the driver transformer. 
At a plate voltage of 1250 or less no bias is needed 
and the center-tap connection on the transformer 
can be grounded. 

The values of Ci, Co and ZL; depend on the 
modulating impedance of the Class C r.f. ampli- 
fier. They can be determined from the formulas 
given in this chapter in the section on high-level 
clipping and filtering. The splatter filter will be 
effective regardless of whether the modulator 
operating conditions are chosen to give high-level 
clipping, but it is worth while to design the sys- 
tem for clipping at 100 per cent modulation if 
the tube curves are available for that purpose. 
The voltage ratings for C; and C2 should at least 
equal the d.c. voltage applied to the modulated 
r.f. amplifier. 

A relay with high-voltage insulation is used 
to short-circuit the secondary of 7; when the 


Fig. 9-28—The relay and filament transformer are 
mounted below the chassis. C;, C2 and Ki are mounted on 
small stand-off insulators. 


relay coil is not energized: A normally closed 
contact is used for this purpose. The other arm 
is used to close the primary circuit of the modula- 
tor plate supply when the relay is energized. 
Shorting the transformer secondary is necessary 
when the r.f. amplifier is keyed, to prevent an 
inductive discharge from the transformer winding 
that would put “tails”? on the keyed characters 
and, with cathode keying of the amplifier, would 
cause excessive sparking at the key contacts. The 
control circuit should be arranged in such a way 
that Ky is not energized during c.w. operation 
but is energized by the send-receive switch 
during phone operation. - 

Careful attention should be paid to insulation 
since the instantaneous voltages in the secondary 
circuit of the transformer will be at least twice 
the d.c. voltage on the r.f. amplifier. If a “hi-fi” 
amplifier of 10 watts or more output is available, 
it can be used as the driver for the 81lAs by 
coupling as shown in Fig. 9-29, 
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BIIA 


6 80 


COM. 
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Fig. 9-29—A “hi-fi” audio amplifier will drive a Class-B 

modulator; a suitable coupling transformer is required. 

The connections shown here are for a pair of 811As. 

The amplifier should have an output rating of at least 
10 watts. ‘ 

(Stancor 


Ti1—10-watt __line-to-voice-coil transformer 


A-8104). 


Checking Amplifier Operation 


An adequate job of checking speech equipment 
can be done with equipment that is neither 
elaborate nor expensive. A typical setup is shown 
in Fig. 9-30. The construction of a simple audio 
oscillator is described in the chapter on measure- 
ments. The audio-frequency voltmeter can be 
either a vacuum-tube voltmeter or a multirange 
volt-ohm-milliammeter that has a rectifier-type 
a.c. range. The headset is included for aural 
checking of the amplifier performance. 

An audio oscillator usually will have an out- 
put control, but if the maximum output voltage 
is in excess of a volt or so the output setting may 
be rather critical when a high-gain speech ampli- 
fier is being tested. In such cases an attenuator 
such as is shown in Fig. 9-30 is a convenience. 


ATTENUATOR 


SPEECH 


Fig. 9-30—Simple oscillator-attenuator test setup for 

checking a speech amplifier. It is not necessary that the 

frequency range of the audio oscillator be continuously 

variable; one or more “spot frequencies” will be satis- 

factory. Suitable resistor values are: Ri and R3, 10,000 
ohms; Ro and Rs, 1000 ohms. 


Each of the two voltage dividers reduces the 
voltage by a factor of roughly 10 to 1, so that the 
over-all attenuation is about 100 to 1. The rela- 
tively low value of resistance, 4, connected across 
the input terminals of the amplifier also will mini- 
mize stray hum pickup on the connecting leads. 

The output of a power amplifier such as a 
modulator or driver for a Class B stage may be 
checked by using a resistance load of the rated 
value for the amplifier. A useful circuit arrange- 
ment is shown in Fig. 9-31. The load resistance, 
hi, may be a single adjustable unit of appropri- 
ate power rating or may be made up of several 
resistors in series or parallel to give the required 
resistance. If measurement of the resistance is 
necessary an ohmmeter will be sufficiently accu- 
rate. In the case of a multimatch output trans- 
former the taps should be those that will actually 
be used with the Class C amplifier with which 
the modulator is intended to work. R; then should 
have a value equal to the modulating impedance 
of the r.f. amplifier. 
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POWER AMPLIFIER 


OUTPUT 


Fig. 9-31—Circuit for measuring power and making 

qualitative checks of the amplifier output. Values to be 

used for Ri and R2 are discussed in the text. The secondary 

winding of the output transformer in the amplifier should 

be disconnected from any d.c. source in the unit and one 

end connected to chassis as shown. An earth ground 
should be used on the system. 


If an audio oscillator generating a good sine 
wave is used as the signal source the output 
power of the amplifier may be measured by an 
audio-frequency voltmeter as indicated by V. 
Either a vacuum-tube voltmeter on its a.c. scale 
or a rectifier-type a.c. voltmeter will be satisfac- 
tory, the principal requirements being relatively 
high impedance (1000 ohms per volt or more) and 
a reasonably accurate calibration. The power 
output will be equal to H?/R,, where E is the 
r.m.s. value of the voltage across the resistor 
(a.c. instruments usually are calibrated in r.m.s. 
values). This assumes that the distortion gen- 
erated in the amplifier is small; if distortion is 
high, the voltmeter reading will be inaccurate. 

If the amplifier is a driver for a Class B modu- 
lator, the value of Ry should be calculated from . 
R/N?, where N is the turns ratio, primary to total 
secondary, of the class B input transformer, and 
FR is the rated plate-to-plate load for the driver 
tube or tubes. R, should of course be connected 
across the total secondary in this case. 

For a qualitative check on distortion, provi- 
sion is made in Fig. 9-31 for monitoring the out- 
put of the amplifier. R2 should be a wire-wound 
potentiometer having a resistance of 10 or 20 
ohms. A headset may be connected to the 
‘““Monitor” terminals. Using the audio oscillator 
as a signal source, start with the gain control 
at minimum and then advance it slowly while 
listening carefully to the tone signal in the head- 
set. When it begins to sound like a musical octave 
instead of a single tone, or when higher harmon- 
ically related tones can be heard along with the 


Checking Speech Equipment 


desired one, distortion is starting to become ap- 
preciable. This effect usually will be detectable, 
but not serious, at full output of the amplifier 
as indicated by the voltmeter reading. Keep the 
signal in the headset at a moderate level by ad- 
justing R2 when necessary. If the amplifier passes 
the distortion test satisfactorily, reduce the 
audio input to zero and note whether any hum is 
audible in the headset. There should be none, if 
the tone level in the headset at full sine-wave 
output was no more than moderately high. 

After completing these checks with satisfactory 
results, substitute the microphone for the oscil- 
lator input to the amplifier and have someone 
speak into it at a moderate level. The headset 
will serve to indicate the speech quality at vari- 
ous output levels. A tape recorder, if available, 
is useful at this stage since it can be substituted 
for the headset and will provide a means for 
comparing the effect of changes and adjustments 
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in which it is occurring can be located by working 
from the last stage toward the front end of the 
amplifier, applying a signal to each grid in turn 
from the audio oscillator and adjusting the signal 
voltage for maximum output. In the case of 
push-pull stages, the signal may be applied to the’ 
primary of the interstage transformer — after 
disconnecting it from the plate-voltage source and 
the amplifier tube. Assuming that normal design 
principles have been followed and that all stages 
are theoretically working within their capabili- 
ties, the probable causes of distortion are wiring 
errors (such as accidental short-circuit of a cath- 
ode resistor), defective components, or use of 
wrong values of resistance in cathode and plate 
circuits. 


Using the Oscilloscope 


Speech-amplifier checking is facilitated con- 
siderably if an oscilloscope of the type having 


Fig. 9-32—Test setup using the oscilloscope to check for distortion. These connections will result in the type of pattern 
shown in Fig. 9-33, the horizontal sweep being provided by the audio input signal. For wave-form patterns, omit the 
connection between the audio oscillator and the horizontal amplifier in the scope, and use the horizontal linear sweep. 


in the amplifier as well as giving a better over-all 
check on speech quality than the average head- 
set. The effect of measures taken to attenuate 
high- or low-frequency response in the amplifier 
is readily observed by comparing recordings made 
before and after changes. The output quality of 
the amplifier also can be compared with the origi- 
nal output of the microphone as registered on 
the recorder. In using a recorder care must be 
taken to set Re so that the first stage in the re- 
corder amplifier is not overloaded. Use the nor- 
mal gain setting of the recorder and adjust [2 to 
give normal level indications. 


Amplifier Troubles 


If the hum level is too high, the amplifier stage 
that is causing the trouble can be located by 
temporarily short-circuiting the grid of each tube 
to ground, starting with the output amplifier. 
When shorting a particular grid makes a marked 
decrease in hum, the hum presumably is coming 
from a preceding stage, although it is possible 
that it is getting its start in that particular grid 
circuit. If shorting a grid does not decrease the 
hum, the hum is originating either in the plate 
circuit of that tube or the grid circuit of the next. 
Aside from wiring errors, a defective tube, or 
inadequate plate-supply filtering, objectionable 
hum usually originates in the first stage of the 
amplifier. 

If distortion occurs below the point at which 
the expected power output is secured the stage 


amplifiers and a linear sweep circuit is available. 
A typical setup for using the oscilloscope is shown 
in Fig. 9-32. With the connections shown, the 
sweep circuit is not required but horizontal and 
vertical amplifiers are necessary. Audio voltage 
from the oscillator is fed directly to one oscillo- 
scope amplifier (horizontal in this case) and the 
output of the speech amplifier is connected to the 
other. The scope amplifier gains should be ad- 
justed so that each signal gives the same line 
length with the other signal shut off. 

Under these conditions, when the input and 
output signals are applied simultaneously they 
are compared directly. If the speech amplifier is 
distortion-free and introduces no phase shift, the 
resulting pattern is simply a straight line, as 
shown at the upper left in Fig. 9-33, making an 
angle of about 45 degrees with the horizontal and 
vertical axes. If there is no distortion but there 
is phase shift, the pattern will be a smooth 
ellipse, as shown at the upper right. The greater 
the phase shift the greater the tendency of the 
ellipse to grow into a circle. When there is even- 
harmonic distortion in the amplifier one end of 
the line or ellipse becomes curved, as shown in 
the second row in Fig. 9-33. With odd-harmonic 
distortion such as is characteristic of overdriven 
push-pull stages, the line or ellipse is curved at 
both ends. 

Patterns such as these will be obtained when 
the input signal is a fairly good sine wave. They 
will tend to become complicated if the input 
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wave form is complex and the speech amplifier 
introduces appreciable phase shifts. It is there- 
fore advisable to test for distortion with an input 
signal that is as nearly as possible a sine wave. 
Also, it is best te use a frequency in the 500-1000 
cycle range, since improper phase shift in the 
amplifier is usually least in this region. Phase 
shift in itself is not of great importance in an 
audio amplifier of ordinary design because it does 
not change the character of speech so far as the 
ear is concerned. However, if a complex signal is 
used for testing, phase shift may make it difficult 
to detect distortion in the oscilloscope pattern. 

Since the oscilloscope amplifiers themselves 
may introduce phase shift and possibly distortion 
as well, it is advisable to check the scope before 
attempting to make checks on the speech ampli- 
fier. Apply the signal from the audio oscillator 
simultaneously to the horizontal and vertical am- 
plifier input terminals. If both amplifiers have the 
same phase characteristics and negligible distor- 
tion the pattern, after suitable adjustment of the 
gains, will be a straight line as shown at the 
upper left in Fig. 9-33. If distortion is visible, 
note whether it changes when the scope gain con- 
trols are reduced; if not, the signal voltage from 
the audio oscillator is too great and should be re- 
duced to the point where the input amplifiers are 
not overloaded. After finding the proper settings 
for signal input and scope gains, leave the latter 
alone in making checks on the speech equipment 
and adjust the input to the scope by means of 
Ry and the output of the audio oscillator. Phase 
shift in the scope itself is not serious since the 
presence of distortion in the speech amplifier can 
be detected by the patterns shown at the right 
in Fig. 9-33. 

In amplifiers having negative feedback, ex- 
cessive phase shift within the feed-back loop may 
cause self-oscillation, since the signal fed back 
may arrive at the grid in phase with the applied 
signal voltage instead of out of phase with it. 
Such a phase shift is most likely to be associated 
with the output transformer. Oscillation usually 
occurs at some frequency above 10,000 cycles, 
although occasionally it will occur at a very low 
frequency. If the pass band in the stage in which 
the phase shift occurs is deliberately restricted to 
the optimum voice range, as described earlier, the 
gain at both very high and very low frequencies 
will be so low that self-oscillation is unlikely, 
even with large amounts ef feedback. 

Generally speaking, 3% is easier to detect small 
amounts of distortion with the type of pattern 
shown in Fig. 9-33 than it is with the wave-form 
pattern obtained by feeding the output signal to 
the vertical plates and making use of the linear 
sweep in the scope. However, the wave-form pat- 
tern can be used satisfactorily if the signal from 
the audio oscillator is a reasonably good sine 
wave. One simple method is to examine the out- 
put of the oscillator alone and trace the pattern 
on a sheet of transparent paper. The pattern 
given by the output of the amplifier can then be 
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Fig. 9-33—Typical patterns obtained with the connec- 

tions shown in Fig. 9-32. Depending on the number of 

stages in the amplifier, the pattern may slope upward 

to the right, as shown, or upward fo the left. Also, de- 

pending on where the distortion originates, the curvature 

in the second row may appear either at the top or 
bottom of the line or ellipse. 


compared with the “standard” pattern by ad- 
justing the oscilloscope gains to make the two 
patterns coincide as closely as possible. The pat- 
tern discrepancies are a measure of the distortion. 

In using the oscilloscope care must be taken to 
avoid introducing hum voltages that will upset 
the measurements. Hum pickup on the scope 
leads or other exposed parts such as the amplifier 
load resistor or the voltmeter can be detected by 
shutting off the audio oscillator and speech am- 
plifier and connecting first one and then the other 
to the vertical plates of the scope, setting the 
internal horizontal sweep to an appropriate 
width. The trace should be a straight horizontal ° 
line when the vertical gain control is set at the 
position used in the actual measurements. Wavi- 
ness in the line indicates hum. If the hum is not 
in the scope itself (check by disconnecting the 
leads at the instrument) make sure that there is 
a good ground connection on all the equipment 
and, if necessary, shield the hot leads. 

The oscilloscope can be used to good advantage 
in stage-by-stage testing to check wave forms at 
the grid and plate of each stage and thus to de- 
termine rapidly where a source of trouble may be 
located. When the scope is connected to circuits 
that are not at ground potential for d.c., a ca- 
pacitor of about 0.1 wf. should be connected in 
series with the hot oscilloscope lead. The probe 
lead should be shielded to prevent hum pickup. 


CHAPTER 10 


Amplitude Modulation 


As described in the chapter on circuit funda- 
mentals, the process of modulation sets up 
groups of frequencies called sidebands, which 
appear symmetrically above and below. the 
frequency of the unmodulated signal or carrier. 
If the instantaneous values of the amplitudes of 
all these separate frequencies are added together, 
the result is called the modulation envelope. 
In amplitude modulation (a.m.) the modulation 
envelope follows the amplitude variations of the 
audio-frequency signal that is being used to 
modulate the wave. 

For example, modulation by a 1000-cycle tone 
will result in a modulation envelope that varies in 
amplitude at a 1000-cycle rate. The actual r.f. signal 
that produces such an envelope consists of three 
frequencies — the carrier, a side frequency 1000 
cycles higher, and a _ side frequency 1000 
cycles lower than the carrier. These three fre- 
quencies easily can be separated by a receiver 
having high selectivity. In order to reproduce 
the original modulation the receiver must have 
enough bandwidth to accept the carrier and the 
sidebands simultaneously. This is because an 
a.m. detector responds to the modulation en- 
velope rather than to the individual signal 
components, and the envelope will be distorted 
in the receiver unless all the frequency compo- 
nents in the signal go through without change 
in their relative amplitudes. 

In the simple case of tone modulation the two 
side frequencies and the carrier are constant in 
amplitude — it is only the envelope amplitude 
that varies at the modulation rate. With more 
complex modulation such as voice or music the 
amplitudes and frequencies of the side fre- 
quencies vary from instant to instant. The 
amplitude of the modulation envelope varies 
from instant to instant in the same way as the 
complex audio-frequency signal causing the 
modulation. Nevertheless, even in this case the 
carrier amplitude is constant if the transmitter 
is properly modulated. 


A.M. Sidebands and Channel Width 


Speech can be electrically reproduced, with 
high intelligibility, in a band of frequencies lying 
between approximately 100 and 3000 cycles. 
When these frequencies are combined with a 
radio-frequency carrier, the sidebands occupy 
the frequency spectrum from about 3000 cycles 
below the carrier frequency to 3000 cycles above — 
a total band or channel of about 6 kilocycles. 

Actual speech frequencies extend up to 10,000 
cycles or more, so it is possible to occupy a 20-kc. 
channel if no provision is made for reducing its 
width. For communication purposes such a 
channel width represents a waste of valuable 
speetrum space, since a 6-ke. channel is fully 
adequate for intelligibility. Occupying more than 


the minimum channel creates unnecessary inter- 
ference. Thus speech equipment design and 
transmitter adjustment and operation should be 
pointed toward maintaining the channel width 
at the minimum. 


@ THE MODULATION ENVELOPE 


In Fig. 10-1, the drawing at A shows the un- 
modulated r.f. signal, assumed to be a sine wave 
of the desired radio frequency. The graph can be 
taken to represent either voltage or current. 

In B, the signal is assumed to be modulated by 
the audio frequency shown in the small drawing 
above. This frequency is much lower than the 
carrier frequency, a necessary condition for good 
modulation. When the modulating voltage is 
‘positive’ (above its axis) the envelope ampli- 
tude is increased above its unmodulated ampli- 
tude; when the modulating voltage is ‘‘negative’”’ 
the envelope amplitude is decreased. Thus the 
envelope grows larger.and smaller with the polar- 
ity and amplitude of the modulating voltage. 

The drawings at C shows what happens with 


_ stronger modulation. The envelope amplitude is 


doubled at the instant the modulating voltage 
reaches its positive peak. On the negative peak 
of the modulating voltage the envelope amplitude 
just reaches zero; in other words, the signal is 
completely modulated. 


Percentage of Modulation 


When a modulated signal is detected in a re- 
ceiver, the detector output follows the modula- 
tion envelope. The stronger the modulation, 
therefore, the greater is the useful receiver out- 
put. Obviously, it is desirable to make the 
modulation as strong or “heavy” as_ possible. 
A wave modulated as in Fig. 10-1C would pro- 
duce considerably more useful audio output than 
the one shown at B. 

The ‘‘depth” of the modulation is expressed 
as a percentage of the unmodulated carrier am- 
plitude. In either B or C, Fig. 10-1, X represents 
the unmodulated carrier amplitude, Y is the 
maximum envelope amplitude on the modulation 
up-peak, and Z is the minimum envelope ampli- 
tude on the modulation downpeak. 

In a properly operating modulation system 
the modulation envelope is an accurate repro- 
duction of the modulating wave, as can be seen 
in Fig. 10-1 at B and C by comparing one side 
of the outline with the shape of the modulating 
wave. (The lower outline duplicates the upper, 
but simply appears upside down in the drawing. ) 

The percentage of modulation is 

Y—-X 


% Mod. = ye < 100 (upward modulation), or 


% Mod. = Sn < 100 (downward modulation) 


X 
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Fig. 10-1—Graphical representation of (A) r.f. output 
unmodulated, (B) modulated 50%, (C) modulated 100%. 
The modulation envelope is shown by the thin outline 
on the modulated wave. 
If the wave shape of the modulation is such that 
its peak positive and negative amplitudes are 
equal, then the modulation percentage will be 
the same both up and down. If the two percen- 
tages differ, the larger of the two is customarily 
specified. 


Power in Modulated Wave 


The amplitude values shown in Fig. 10-1 cor- 
respond to current or voltage, so the drawings 
may be taken to represent instantaneous values 
of either. The power in the wave varies as the 
square of either the current or voltage, so at the 
peak of the modulation up-swing the instantane- 
ous power in the envelope of Fig. 10-1C is four 
times the unmodulated carrier power (because 
the current and voltage both are doubled). At 
the peak of the down-swing the power is zero, 
since the amplitude is zero. These statements are 
true of 100 per cent modulation no matter what 
the wave form of the modulation. The instan- 
taneous envelope power in the modulated signal 
is proportional to the square of its envelope am- 
plitude at every instant. This fact is highly im- 
portant in the operation of every method of 
amplitude modulation. 

‘It is convenient, and customary, to describe 
the operation of modulation systems in terms of 
sine-wave modulation. Although this wave shape 
is seldom actually used in practice (voice wave 
shapes depart very considerably from the sine 
form) it lends itself to simple calculations and 
its use as a standard permits comparison between 
systems on a common basis. With sine-wave 
modulation the average power in the modulated 
signal over any number of full cycles of the 
modulation frequency is found to be 14% times 
the power in the unmodulated carrier. In other 
words, the power output increases 50 per cent 
with 100 per cent modulation by a sine wave. 


284 


This relationship is very useful in the design of 
modulation systems and modulators, because any 
such system that is capable of increasing the 
average power output by 50 per cent with sine- 
wave modulation automatically fulfills the re- 
quirement that the instantaneous power at the 
modulation up-peak be four times the carrier 
power. Consequently, systems in which the addi- 
tional power is supplied from outside the modu- 
lated r.f. stage (e.g., plate modulation) usually 
are designed on a sine-wave basis as a matter of 
convenience. Modulation systems in which the 
additional power is secured from the modulated 
r.f. amplifier (e.g., grid modulation) usually are 
more conveniently designed on the basis of peak 
envelope power rather than average power. 

The extra power that is contained in a modu- 
lated signal goes entirely into the sidebands, half 
in the upper sideband and half in the lower. As a 
numerical example, full modulation of a 100- 
watt carrier by a sine wave will add 50 watts of 
sideband power, 25 in the lower and 25 in the 
upper sideband. Supplying this additional power 
for the sidebands is the object of all of the various 
systems devised for amplitude modulation. 

No such simple relationship exists with com- 
plex wave forms. Complex wave forms such as 
speech do not, as a rule, contain as much average 
power as a sine wave. Ordinary speech wave 
forms have about half as much average power as 
a sine wave, for the same peak amplitude in 
both wave forms. Thus for the same modulation 
percentage, the sideband power with ordinary 
speech will average only about half the power 
with sine-wave modulation, since it is the peak 
envelope amplitude, not the average power, that 
determines the percentage of modulation. 


Unsymmetrical Modulation 


In an ordinary electric circuit it is possible to 
increase the amplitude of current flow indefi- 
nitely, up to the limit of the power-handling 
capability of the components, but it cannot very 
well be decreased to less than zero. The same 
thing is true of the amplitude of an r.f. signal; it 
can be modulated woward to any desired extent, 
but it cannot be modulated downward more than 
100 per cent. 

When the modulating wave form is unsymmet- 
rical it is possible for the upward and down- 
ward modulation percentages to be different. A 
simple case is shown in Fig. 10-2. The positive 
peak of the modulating signal is about 3 times 
the amplitude of the negative peak. If, as shown 
in the drawing, the modulating amplitude is ad- 
justed so that the peak downward modulation 
is just 100 per cent (Z = 0) the peak upward 
modulation is 300 per cent (Y = 4X). The car- 
rier amplitude is represented by X, as in Fig. 
10-1. The modulation envelope reproduces the 
wave form of the modulating signal accurately, 
hence there is no distortion. In such a modulated 
signa] the increase in power output with modu- 
lation is considerably greater than it is when the 
modulation is symmetrical and therefore has to 
be limited to 100 per cent both up and down. 


The Modulation Envelope 


Waveform of 


Ye Modulating Voltage 


Fig. 10-2—Modulation by an unsymmetrical wave form. 

This drawing shows 100% downward modulation along 

with 300% upward modulation. There is no distortion, 

since the modulation envelope is an accurate reproduction 
of the wave form of the modulating voltage. 


In Fig. 10-2 the peak envelope amplitude, Y, is 
four times the carrier amplitude, X, so the peak- 
envelope power is 16 times the carrier power. 
When the upward modulation is more than 100 
per cent the power capacity of the modulating 
system obviously must be increased sufficiently 
to take care of the much larger peak amplitudes. 


Overmodulation 


If the amplitude of the modulation on the 
downward swing becomes too great, there will 
be a period of time during which the r.f. output 
is entirely cut off. This is shown in Fig. 10-3. The 
shape of the downward half of the modulating 
wave is no longer accurately reproduced by the 
modulation envelope, consequently the modula- 
tion is distorted. Operation of this type is called 
overmodulation. The distortion of the modula- 
tion envelope causes new frequencies (harmonics 
of the modulating frequency) to be generated. 
These combine with the carrier to form new 
side frequencies that widen the channel occupied 
by the modulated signal. These spurious fre- 
quencies are commonly called “‘splatter.”’ 

It is important to realize that the channel 


Waveshape of 
* Modulating Voltage 


Fig. 10-3—An overmodulated signal. The modulation 
envelope is not an accurate reproduction of the wave 


form of the modulating voltage. This or any type of © 


distortion occurring during the modulation process gen- 
erates spurious sidebands or ‘'splatter.”’ 


occupied by an amplitude-modulated signal is 
dependent on the shape of the modulation en- 
velope. If this wave shape is complex and can be 
resolved into a wide band of audio frequencies, 
then the channel occupied will be correspond- 
ingly large. An overmodulated signal splatters 
and occupies a much wider channel than is neces- 
sary because the “clipping” of the modulating 
wave that occurs at the zero axis changes the 
envelope wave shape to one that contains high- 
order harmonics of the original modulating fre- 
quency. These harmonics appear as side frequen- | 
cles separated by, in some cases, many kilocycles 
from the carrier frequency. 

Because of this clipping action at the zero 
axis, it is important that care be taken to pre- 
vent applying too large a modulating signal in 
the downward direction. Overmodulation down- 
ward results in more splatter than is caused by 
most other types of distortion in a phone trans- 
mitter. 


@ GENERAL REQUIREMENTS 


For proper operation of an amplitude-modu- 
lated transmitter there are a few general require- 
ments that must be met no matter what par- 
ticular method of modulation may be _ used. 
Failure to meet these requirements is accom- 
panied by distortion of the modulation envelope. 
This in turn increases the channel width as 
compared with that required by the legitimate 
frequencies contained in the original modulating 
wave. 


Frequency Stability 


For satisfactory amplitude modulation, the 
carrier frequency must be entirely unaffected by 
modulation. If the application of modulation 
causes a change in the carrier frequency, the fre- 
quency will wobble back and forth with the mod- 
ulation. This causes distortion and widens the 
channel taken by the signal. Thus unnecessary 
interference is caused to other transmissions. 

In practice, this undesirable frequency modu- 
lation is prevented by applying the modulation 
to an r.f. amplifier stage that is isolated from 
the frequency-controlling oscillator by a buffer 
amplifier. Amplitude modulation applied di- 
rectly to an oscillator always is accompanied by 
frequency modulation. Under existing FCC regu- 
lations amplitude modulation of an oscillator is 
permitted only on frequencies above 144 Mc. 
Below that frequency the regulations require 
that an amplitude-modulated transmitter be 
completely free from frequency modulation. 


Linearity 

At least up to the limit of 100 per cent upward 
modulation, the amplitude of the r.f. output 
should be directly proportional to the amplitude 
of the modulating wave. Fig. 10-4 is a graph of 
an ideal modulation characteristic, or curve 
showing the relationship between r.f. output 
amplitude and instantaneous modulation am- 
plitude. The modulation swings the r.f. ampli- 
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R.F, AMPLITUDE 


MODULATING SIGNAL 


Fig. 10-4—The modulation characteristic shows the rela- 
tionship between the instantaneous envelope amplitude 
of the r.f. output current (or voltage) and the instan- 
taneous amplitude of the modulating voltage. The ideal 
characteristic is a straight line, as shown by curve A. 


tude back and forth along the curve A, as the 
modulating voltage alternately swings positive 
and negative. Assuming that the negative peak 
of the modulating wave is just sufficient to re- 
duce the r.f. output to zero (modulating voltage 
equal to —1 in the drawing), the same modulat- 
ing voltage peak in the positiwe direction (+1) 
should cause the r.f. amplitude to reach twice 
its unmodulated value. The ideal is a straight 
line, as shown by curve A. Such a modulation 
characteristic is perfectly linear. 

A nonlinear characteristic is shown by curve 
Lb. The r.f. amplitude does not reach twice the 
unmodulated carrier amplitude when the mod- 
ulating voltage reaches its positive peak. A mod- 
ulation characteristic of this type gives a modu- 
lation envelope that is ‘flattened’? on the up- 
peak; in other words, the modulation envelope 
is not an exact reproduction of the modulating 
wave. It is therefore distorted and harmonics 
are generated, causing the transmitted signal to 


occupy a wider channel than is necessary. A 
nonlinear modulation characteristic can easily 
result when a transmitter is not properly de- 
signed or is misadjusted. 

The modulation capability of the transmitter 
is the maximum percentage of modulation that 
is possible without objectionable distortion from 
nonlinearity. The maximum capability can never 
exceed 100 per cent on the down-peak, but it is 
possible for it to be higher on the up-peak. The 
modulation capability should be as close to 
100 per cent as possible, so that the most effec- 
tive signal can be transmitted. 


Plate Power Supply 


The d.c. power supply for the plate or plates 
of the modulated amplifier should be well fil- 
tered; if it is not, plate-supply ripple will modu- 
late the carrier and cause annoying hum. The 
ripple voltage should not be more than about 1 
per cent of the d.c. output voltage. 

In amplitude modulation the plate current of 
the modulated r.f. amplifier varies at an audio- 
frequency rate; in other words, an alternating 
current is superimposed on the d.c. plate cur- 
rent. The output filter capacitor in the plate 
supply must have low reactance, at the lowest 
audio frequency in the modulation, if the trans- 
mitter is to modulate equally well at all audio 
frequencies. The capacitance required depends 
on the ratio of d.c. plate current to plate voltage 
in the modulated amplifier. The requirements 
will be met satisfactorily if the capacitance of the 
output capacitor is at least equal to 


i 
C = 25 — 
E 
where C = Capacitance of output capacitor in 
uf. 
I =D.c. plate current of modulated 


amplifier in milliamperes 
E = Plate voltage of modulated ampli- 
fier 


Example: A modulated amplifier operates at 1250 volts 
and 275 ma. The capacitance of the output capacitor in 
the plate-supply filter should be at least 


975 
c=25 4 =25 x29 295 x 0.22 = 5.5 uf 


E 1250 


Amplitude Modulation Methods 


@ MODULATION SYSTEMS 


As explained in the preceding section, ampli- 
tude modulation of a carrier is accompanied by 
an increase in power output, the additional power 
being the ‘“‘useful” or ‘‘talk power” in the side- 
bands. This additional power may be supplied 
from an external source in the form of audio- 
frequency power. It is then added to the un- 
modulated power input to the amplifier to be 
modulated, after which the combined power is 
converted to r.f. This is the method used in 
plate modulation. It has the advantage that the 
r.f. power is generated at the high efficiency 
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characteristic of Class C amplifiers — of the order 
of 65 to 75 per cent — but has the accompanying 
disadvantage that generating the audio-frequency 
power is rather expensive. 

An alternative that does not require relatively 
large amounts of audio-frequency power makes 
use of the fact that the power output of an 
amplifier can be controlled by varying the poten- 
tial of a tube element — such as a control grid 
or a screen grid — that does not,. in itself, con- 
sume appreciable power. In this case the addi- 
tional power during modulation is secured by 
sacrificing carrier power; in other words, a tube 
is capable of delivering only so much total power 
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Fig. 10-5—Plate modulation of a Class C r.f. amplifier. 

The r.f. plate bypass capacitor, C, in the amplifier 

stage should have reasonably high reactance at audio 

frequencies. A value of the order of 0.001 uf. to 0.005 uf. 

is satisfactory in practically all cases. (See chapter on 
modulators.) 


within its ratings, and if more must be delivered 
at full modulation, then less is available for the 
unmodulated carrier. Systems of this type must 
of necessity work at rather low efficiency at the 
unmodulated carrier level. As a practical working 
_ rule, the efficiency of the modulated r.f. amplifier 
is of the order of 30 to 35 per cent, and the un- 
modulated carrier power output obtainable with 
such a system is only about one-fourth to one- 
third that obtainable from the same amplifier 
with plate modulation. 

It is well to appreciate that no simple modula- 
tion scheme that purports to get around this 
limitation of grid modulation ever has actually 
done so. Methods have been devised that have 
resulted in modulation at high over-all efficiency, 
without requiring audio power, by obtaining the 
necessary additional power from an auxiliary 
r.f. amplifier. This leads to circuit and operating 
complexities that make the systems unsuitable 
for amateur work, where rapid frequency change 
and simplicity of operation are almost always 
essential. 

The methods discussed in this section are the 
basic ones. Variants that from time to time attain 
passing popularity can readily be appraised on 
the basis of the preceding paragraphs. A simple 
grid modulation system that claims high effi- 
ciency should be looked upon with suspicion, 
since it is almost certain that the high efficiency, 
if actually achieved, is obtained by sacrificing 
the linear relationship between modulating signal 
and modulation envelope that is the first essential 
of a good modulation method. 


@ PLATE MODULATION 


Fig. 10-5 shows the most widely used system 
of plate modulation, in this case with a triode r.f. 
tube. A balanced (push-pull Class A, Class AB 
or Class B) modulator is transformer-coupled to 
the plate circuit of the modulated r.f. amplifier. 
The audio-frequency power generated by the 
modulator is combined with the d.c. power in the 
modulated-amplifier plate circuit by transfer 
through the coupling transformer, 7. For 100 
per cent modulation the audio-frequency power 
output of the modulator and the turns ratio of 
the coupling transformer must be such that the 
voltage at the plate of the modulated amplifier 
varies between zero and twice the d.c. operating 
plate voltage, thus causing corresponding varia- 
tions in the amplitude of the r.f. output. 


Audio Power 


As stated earlier, the average power output 
of the modulated stage must increase during 
modulation. The modulator must be capable of 
supplying to the modulated r.f. stage sine-wave 
audio power equal to 50 per cent of the d.c. plate 
input. For example, if the d.c. plate power input 
to the r.f. stage is 100 watts, the sine-wave audio 
power output of the modulator must be 50 watts. 


Modulating Impedance; Linearity 


The modulating impedance, or load resistance 
presented to the modulator by the modulated 
r.f. amplifier, is equal to + 

Dice Ep < 1000 ohms 
Ip 
where Hy = D.c. plate voltage 
I, = D.c. plate current (ma.) 


E» and Ip are measured without modulation. 
The power output of the r.f. amplifier must 
vary as the square of the instantaneous plate 
voltage (the r.f. output voltage must be propor- 
tional to the plate voltage) for the modulation to 
be linear. This will be the case when the ampli- 
fier operates under Class C conditions. The 
linearity depends upon having sufficient grid 
excitation and proper bias, and upon the adjust- 
ment of circuit constants to the proper values. 


Adjustment of Plate-Modulated Amplifiers 


The general operating conditions for Class C 
operation are described in the chapter on trans- 
mitters. The grid bias and grid current required 
for plate modulation usually are given in the 
operating data supplied by the tube manufac- 
turer; in general, the bias should be such as to 
give an operating angle of about 120 degrees at 
the d.c. plate voltage used, and the grid excita- 
tion should be great enough so that the ampli- 
fier’s plate efficiency will stay constant when the 
plate voltage is varied over the range from zero 
to twice the unmodulated value. For best linear- 
ity, the grid bias should be obtained from a fixed- 
bias source of about the cut-off value, supple- 
mented by enough grid-leak bias to bring the 
total up to the required operating bias. 
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CLASS-C 


Fig. 10-6—Plate and screen modulation of a Class C 
r.f. amplifier using a screen-grid tube. The plate r.f. 
bypass capacitor, Ci, should have reasonably high 
reactance at all audio frequencies; a value of 0.001 to 
0.005 uf. is generally satisfactory. The screen bypass, 
C2, should not exceed 0.002 uf. in the usual case. 

When the modulated amplifier is a beam tetrode the 
suppressor connection shown in this diagram may be 
ignored. If a base terminal is provided on the tube for 
the beam-forming plates, it should be connected as 

recommended by the tube manufacturer. 


The maximum permissible d.c. plate power 
input for 100 per cent modulation is twice the 
sine-wave audio-frequency power output avail- 
able from the modulator. This input is obtained 
by varying the loading on the amplifier (keeping 
its tank circuit tuned to resonance) until the 
product of d.c. plate voltage and plate current is 
the desired power. The modulating impedance 
under these conditions must be transformed to 
the proper value for the modulator by using the 
correct output-transformer turns ratio. This 
point is considered in detail in the chapter on 
modulator design. 

Neutralization, when triodes are used, should 
be as nearly perfect as possible, since regenera- 
tion may cause nonlinearity. The amplifier also 
must be completely free from parasitic oscilla- 
tions. 

Although the total power input (d.c. plus 
audio-frequency a.c.) increases with modulation, 
the d.c. plate current of a plate-modulated am- 
plifier should not change when the stage is modu- 
lated. This is because each increase in plate volt- 


+0 O 
OC SCREEN +8 
SUPPLY 


Fig. 10-7—Plate modulation of a beam tetrode, using 

an audio impedance in the screen circuit. The value of 

Li is discussed in the text. See Fig. 10-6 for data on by- 
pass capacitors C; and Co. 
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age and plate current is balanced by an equiva- 
lent decrease in voltage and current on the next 
half-cycle of the modulating wave. D.c. instru- 
ments cannot follow the a.f. variations, and since 
the average d.c. plate current and plate voltage 
of a properly operated amplifier do not change, 
neither do the meter readings. A change in plate 
current with modulation indicates nonlinearity. 
On the other hand, a thermocouple r.f. am- 
meter connected in the antenna or transmission 
line will show an increase in ¥.f. current with 
modulation, because instruments of this type re- 
spond to power rather than to current or voltage. 


Screen-Grid Amplifiers 


Screen-grid tubes of the pentode or beam- 
tetrode type can be used as Class C plate-modu- 
lated amplifiers by applying the modulation to 
both the plate and screen grid. The usual method 
of feeding the screen grid with the necessary d.c. 
and modulation voltages is shown in Fig. 10-6. 
The dropping resistor, R, should be of the proper 
value to apply normal d.c. voltage to the screen 
under steady carrier conditions. Its value can be 
calculated by taking the difference between plate 
and screen voltages and dividing it by the rated 
screen current. 

The modulating impedance is found by divid- 
ing the d.c. plate voltage by the sum of the plate 
and screen currents. The plate voltage multiplied 
by the sum of the two currents gives the power 
input to be used as the basis for determining the 
audio power required from the modulator. 

Modulation of the screen along with the plate 
is necessary because the screen voltage has a much 
greater effect on the plate current than the plate 
voltage does. The modulation characteristic is non- 
linear if the plate alone is modulated. However, 
some beam tetrodes can be modulated satisfac- 
torily by applying the modulating power to the 
plate circuit alone, provided the screen is con- 
nected to its d.c. supply through an audio im- 
pedance. Under these conditions the screen be- 
comes self-modulating, because of the variations 
in screen current that occur when the plate volt- 
age is varied. The circuit is shown in Fig. 10-7. 
The choke coil Z; is the audio impedance in the 
screen circuit; its inductance should be large 
enough to have a reactance (at the lowest de- 
sired audio frequency) that is not less than the 
impedance of the screen. The screen impedance 
can be taken to be approximately equal to the 
d.c. screen voltage divided by the d.ec. screen 
current in amperes. 


Choke-Coupled Modulator 


The choke-coupled Class A modulator is shown 
in Fig. 10-8. Because of the relatively low power 
output and plate efficiency of a Class A ampli- 
fier, this method is seldom used except for a 
few special applications. There is considerably 
less freedom in adjustment, since no transformer 
is available for matching impedances. 

The modulating impedance of the r.f. amplifier 
must be adjusted to the value of load impedance 
required by the particular modulator tube used, 


Plate and Grid Modulation 


and the power input to the r.f. stage should not 
exceed twice the rated a.f. power output of the 
modulator for 100 per cent modulation. The 
plate voltage on the modulator must be higher 
than the plate voltage on the r.f. amplifier, for 
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Fig. 10-8—Choke-coupled Class A modulator. The ca- 

thode resistor, Re, should have the normal value for 

operation of the modulator tube as a Class A power 

amplifier. The modulation choke, Li, should be 5 henrys 

or more. A value of 0.001 to 0.005 uf. is satisfactory at 

Co, the r.f. amplifier plate bypass capacitor. See text 
for discussion of C; and R}. 


100 per cent modulation, because the a.f. voltage 
developed by the modulator cannot swing to zero 
without a great deal of distortion. Ry, provides 
the necessary d.c. voltage drop between the mod- 
ulator and r.f. amplifier. The d.c. voltage drop 
through Ry; must equal the minimum instan- 
taneous plate voltage on the modulator tube 
under normal operating conditions. C,, an audio- 
frequency bypass across f,, should have a 
capacitance such that its reactance at 100 cycles 
is not more than about one-tenth the resistance of 
R,. Without R,C, the percentage of modulation 
is limited to 70 to 80 per cent in the average case. 


@ GRID MODULATION 


The principal disadvantage of plate modula- 
tion is that a considerable amount of audio power 
is necessary. This requirement can be avoided by 
applying the modulation to a grid element in the 
modulated amplifier. However, serious disad- 
vantages of grid modulation are the reduction in 
the carrier power output obtainable from a given 
r.f. amplifier tube and the more rigorous operating 
requirements and more complicated adjustment. 


The term “‘grid modulation” as used here ap-- 


plies to all types — control grid, screen, or sup- 
pressor — since the operating principles are ex- 
actly the same no matter which grid is actually 


modulated. With grid modulation the plate volt- 
age is constant, and the increase in power output 
with modulation is obtained by making both the 
plate current and plate efficiency vary with the 
modulating signa] as shown in Fig. 10-9. For 
100 per cent modulation, both plate current and 
efficiency must, at the peak of the modulation 
up-swing, be twice their carrier values. Thus at 
the modulation-envelope peak the power input 
is doubled, and since the plate efficiency also is 
doubled at the same instant the peak envelope 
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PLATE EFFICIENCY — PERCENT 
PLATE CURRENT -PERCENT OF PEAK VALUE 


RELATIVE MODULATING VOLTAGE 


Fig. 10-9—In a perfect grid-modulated amplifier both 
plate current and plate efficiency would vary with the 
instantaneous modulating voltage as shown. When this 
is so the modulation characteristic is as given by curve A 
in Fig. 10-4, and the peak envelope output power is 
four times the unmodulated carrier power. The variations 
in plate current with modulation, indicated above, do not 
register on a d.c. meter, so the plate meter shows no 
change when the signal is modulated. 


output power will be four times the carrier power. 
The efficiency obtainable at the envelope peak 
depends on how carefully the modulated ampli- 
fier is adjusted, and sometimes can be as high as 
80 per cent. It is generally less when the amplifier 
is adjusted for good linearity, and under average 
conditions a round figure of 24, or 66 per cent, is 
representative. The efficiency without modula- 
tion is onlv half the peak efficiency, or about 33 
per cent. This low average efficiency reduces the 
permissible carrier output to about one-fourth 
the power obtainable from the same tube in ¢.w. 
operation, and to about one-third the carrier 
output obtainable from the tube with plate 
modulation. 

The modulator is required to furnish only the 
audio power dissipated in the modulated grid 
under the operating conditions chosen. A speech 
amplifier capable of delivering 3 to 10 watts is 
usually sufficient. 

Grid modulation does not give quite as linear a 
modulation characteristic as plate modulation, 
even under optimum operating conditions. When 
misadjusted the nonlinearity may be severe, 
resulting in bad distortion and splatter. 
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Plate-Circuit Operating Conditions 


The d.c. plate power input to the grid-modu- 
lated amplifier, assuming a round figure of 144 (33 
per cent) for the plate efficiency, should not ex- 
ceed 11% times the plate dissipation rating of the 
tube or tubes used in the modulated stage. Use 
the maximum plate voltage permitted by the 
manufacturer’s ratings, because the optimum 
operating conditions are more easily achieved 
with high plate voltage and the linearity also 
is improved. 


Example: Two tubes having plate dissipation 
ratings of 55 watts each are to be used with grid 
modulation. 

The maximum permissible power input, at 33% 
efficiency, is 

Pea Xe (2a OD) ele GL Oe LOmmw tts 
The maximum recommended plate voltage for 
these tubes is 1500 volts. Using this figure, the 
average plate current for the two tubes will be 


iP 165 


~ EB 1500 
At 33% efficiency, the carrier output to be ex- 
pected is 55 watts. 
The plate-voltage/plate-current ratio at twice 
carrier plate current is 
1500 
220 


= 0.11 amp.= 110 ma, 


= 6.8 


The tank-circuit L/C ratio should be chosen on 
the basis of twice the average or carrier plate cur- 
rent. If the L/C ratio is based on the plate volt- 
age/plate current ratio under carrier conditions 
the Q may be too low for good coupling to the 
output circuit. 


Screen Grid Modulation 


Screen modulation is probably the simplest 
form of grid modulation and the least critical of 
adjustment. The most satisfactory way to apply 
the modulating voltage to the screen is through a 
transformer, as shown in Fig. 10-10. With prac- 
tical tubes it is necessary to drive the screen 
somewhat negative with respect to the cathode 
to get complete cut-off of r.f. output. For this 
reason the peak modulating voltage required for 
100 per cent modulation is usually 10 per cent or 
so greater than the d.c. screen voltage. The 
latter, in turn, is approximately half the rated 
screen voltage recommended under maximum 
ratings for c.w. operation. 

The audio power required for 100 per cent 
modulation is approximately one-fourth the d.c. 
power input to the screen in c.w. operation, 
but varies somewhat with the operating condi- 
tions. A receiving-type audio power amplifier 
will suffice as the modulator for most transmit- 
ting tubes. The relationship between screen volt- 
age and screen current is not linear, which means 
that the load on the modulator varies over the 
audio-frequency cycle. It is therefore highly 
advisable to use negative feedback in the modu- 
lator circuit. If excess audio power is available, 
it is also advisable to load the modulator with a 
resistance (2 in Fig. 10-10) its value being ad- 
justed to dissipate the excess power. There is no 
simple way to determine the proper resistance 
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Fig. 10-10—Screen-grid modulation of beam tetrode. 

Capacitor C is an r.f. bypass capacitor and should have 

high reactance at audio frequencies. A value of 0.002 uf. 

is satisfactory. The grid leak can have the same value 
that is used for c.w. operation of the tube. 


except experimentally, by observing its effect on 
the modulation envelope with the aid of an 
oscilloscope. 

On the assumption that the modulator will be 
fully loaded by the screen plus the additional 
load resistor R, the turns ratio required in the 
coupling transformer may be calculated as fol- 
lows: EB 

d 


. 2.5V PRi 

where WN is the turns ratio, secondary to primary; 
Eq is the rated screen voltage for c.w. operation; 
P is the rated audio power output of the modu- 
lator; and Fy is the rated load resistance for the 
modulator. 


Adjustment 


A screen-modulated amplifier should be ad- 
justed with the aid of an oscilloscope connected 
to give a trapezoid pattern (see later in chapter). 
A tone source for modulating the transmitter is 
a convenience, since a steady tone will give a 
steady pattern on the oscilloscope. A steady pat- 
tern is easier to study than one that flickers with 
voice modulation. 

Having determined the permissible carrier 
plate current as previously described, apply r.f. 
excitation and d.c. plate and screen voltages. 
Without modulation, adjust the plate loading to 
give the required plate current, keeping the plate 
tank circuit tuned to resonance. Next, apply 
modulation and increase the modulating voltage 
until the modulation characteristic shows curva- 
ture (see later in this chapter for use of the os- 
cilloscope). If curvature occurs well below 100 
per cent modulation, the plate efficiency is too 
high at the carrier level. Increase the plate 
loading slightly and readjust the r.f. grid excita- 
tion to maintain the same plate current; then 
apply modulation and check the characteristic 
again. Continue until the characteristic is as 
linear as possible from zero to twice the carrier 
amplitude. 

In general, the amplifier should be heavily 
loaded. Under proper operating conditions the 
plate-current dip as the amplifier plate circuit is 
tuned through resonance will be little more than 
just discernible. Operate with the grid current as 
low as possible, since this reduces the screen cur- 


Types of Modulation 


rent and thus reduces the amount of power re- 
quired from the modulator. 

With proper adjustment the linearity is good 
up to about 90 per cent modulation. When the 
screen is driven negative for 100 per cent modu- 
lation there is a kink in the modulation charac- 
teristic at the zero-voltage point. This introduces 
a small amount of envelope distortion. The kink 
can be removed and the over-all linearity im- 
proved by applying a small amount of modulating 
voltage to the control grid simultaneously with 
screen modulation. 

In an alternative adjustment method not re- 
quiring an oscilloscope the r.f. amplifier is first 
tuned up for maximum output without modula- 
tion and the rated d.c. screen voltage (from a 
fixed-voltage supply) for c.w. operation applied. 
Use heavy loading and reduce the grid excitation 
until the output just starts to fall off, at which 
point the resonance dip in plate current should 
be small. Note the plate current and, if possi- 
ble, the r.f. output current, and then reduce the 
d.c. screen voltage until the plate current is 
one-half its previous value. The r.f. output cur- 
rent should also be one-half its previous value at 
this screen voltage. The amplifier is then ready 
for modulation, and the modulating voltage may 
be increased until the plate current just starts to 
shift upward, which indicates that the amplifier 
is modulated 100 per cent. With voice modulation 
the plate current should remain steady, or show 
just an occasiona! small upward kick on intermit- 
tent peaks. 


‘'Clamp-Tube’’ Modulation 


A method of screen-grid modulation that is 
convenient in transmitters provided with a screen 
protective tube (‘‘clamp” tube) is shown in Fig. 
10-11. An audio-frequency signal is applied to the 
grid of the clamp tube, which then becomes a 
modulator. The simplicity of the circuit is some- 
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Fig. 10-11—Screen modulation by a “clamp” tube. 

The grid leak is the normal value for c.w. operation and 

Cz should be 0.002 uf. or less. See text for discussion 

of Ci, Ri, Ro and R3. R3 should have the proper value 

for Class A operation of the modulator tube, but cannot 

be calculated unless triode curves for the tube are 
available. 


what deceptive, since it is considerably more 
difficult from a design standpoint than the 
transformer-coupled arrangement of Fig. 10-10. 

For proper modulation the clamp tube must be 
operated as a triode Class A amplifier; the method 
is essentially identical with the choke-coupled 
Class A plate modulator of Fig. 10-8 except that 
a resistance, [e, is substituted for the choke. Re, 
in the usual case, is the screen dropping resistor 
normally used for c.w. operation. Its value should 
be at least two or three times the load resistance 
required by the Class A modulator tube for 
optimum audio-frequency output. 

Like the choke-coupled modulator, the clamp- 
tube modulator is incapable of modulating the 
r.f. stage 100 per cent unless the dropping resistor, 
fi, and audio bypass, C1, are incorporated in the 
circuit. The same design considerations hold, with 
the addition of the fact that the screen must be 
driven negative, not just to zero voltage, for 100 
per cent modulation. The modulator tube must 
thus be operated at a voltage ranging from 20 to 
40 per cent higher than the modulated screen. 

Adjustment with this system, once the design 
voltages have been determined, is carried out in 
the same way as with transformer-coupled screen 
modulation, preferably with the oscilloscope. 
Without the oscilloscope, the amplifier may first 
be adjusted for c.w. operation as described earlier, 
but with the modulator tube removed from its 
socket. The modulator is then replaced, and the 
cathode resistance, 3, adjusted to reduce the 
amplifier plate current to one-half its c.w. value. 
The amplifier plate current should remain con- 
stant with modulation, or show just a small up- 
ward flicker on occasional voice peaks. 


Controlled Carrier 


As explained earlier, a limit is placed on the 
output obtainable from a grid-modulation system 
by the low r.f. amplifier plate efficiency (approxi- 
mately 33 per cent) under unmodulated carrier 
conditions. The plate efficiency increases with 
modulation, since the output increases while the 
d.c. input remains constant, and reaches a maxi- 
mum in the neighborhood of 50 per cent with 100 
per cent sine-wave modulation. If the power input 
to the amplifier can be reduced during periods 
when there is little or no modulation, thus reduc- 
ing the plate loss, advantage can be taken of the 
higher efficiency at full modulation to obtain 
higher effective output. This can be done by vary- 
ing the d.c. power input to the modulated stage 
in accordance with average variations in voice 
intensity, in such a way as to maintain just sufhi- 
cient carrier power to keep the modulation high, 
but not exceeding 100 per cent, under all condi- 
tions. Thus the carrier amplitude is controlled by 
the average voice intensity. Properly utilized, 
controlled carrier permits increasing the carrier 
output at maximum level to a value about equal 
to the rated plate dissipation of the tube, twice 
the output obtainable with constant carrier. 

It is desirable to control the power input just 
enough so that the plate loss, without modula- 
tion, is safely below the tube rating. Excessive 
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Fig. 10-12—Circuit for carrier control with screen modu- 
lation. A small triode such as the 6C4 can be used as the 
control amplifier and a 6Y6G is suitable as a carrier- 
control tube. T; is an interstage audio transformer having 
a 1-to-1 or larger turns ratio. R4 is a 0.5-megohm volume 
control and also serves as the grid resistor for the modu- 
lator. A germanium crystal may be used as the rectifier. 
Other values are discussed in the text. 


control is disadvantageous because the distant 
receiver’s a.v.c. system must continually follow 
the variations in average signal level. The circuit 
of Fig. 10-12 permits adjustment of both the 
maximum and minimum power input, and al- 
though somewhat more complicated than some 
circuits that have been used is actually simpler to 
operate because it separates the functions of 
modulation and carrier control. A portion of the 
audio voltage at the modulator grid is applied to 
a Class A ‘‘control amplifier” which drives a 
rectifier circuit to produce a d.c. voltage negative 
with respect to ground. C; filters out the audio 
variations, leaving a d.c. voltage proportional to 
the average voice level. This voltage is applied 
to the grid of a ‘‘clamp”’ tube to control the d.c. 
screen voltage and thus the r.f. carrier level. 
Maximum output is obtained when the carrier- 
control tube grid is driven to cut-off, the voice 
level at which this occurs being determined by 
the setting of R4. The input without modulation 
is set to the desired level (usually about equal 
to the plate dissipation rating of the modulated 
stage) by adjusting Ry. R3 may be the normal 
screen-dropping resistor for the modulated beam 
tetrode, but in case a separate screen supply is 
used the resistance need be just large enough to 
give sufficient voltage drop to reduce the no- 
modulation power input to the desired value. 

C,R, and Cel3 should have a time constant 
of about 0.1 second. An oscilloscope is required 
for proper adjustment. 


Suppressor Modulation 


Pentode-type tubes do not, in general, modu- 
late well when the modulating voltage is applied 
to the screen grid. However, a satisfactory modu- 
lation characteristic can be obtained by applying 
the modulation to the suppressor grid. The circuit 
arrangement for suppressor-grid modulation of a 
pentode tube is shown in Fig. 10-13. 

The method of adjustment closely resembles 
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Fig. 10-13—Suppressor-grid modulation of an _ r.f. 

amplifier using a pentode-type tube. The suppressor- 

grid r.f. bypass capacitor, C, should be the same as the 
grid bypass capacitor in control-grid modulation. 


that used with screen-grid modulation. If an 
oscilloscope is not available, the amplifier is first 
adjusted for optimum c.w. output with zero bias 
on the suppressor grid. Sufficient negative bias is 
then applied to the suppressor to drop the plate 
current and r.f. output current to half their 
original values. The amplifier is then ready for 
modulation. 

Since the suppressor is always negatively 
biased, the modulator is not required to furnish 
any power and a voltage amplifier can be used. 
The suppressor bias will vary with the type of 
pentode and the operating conditions, but usually 
will be of the order of —100 volts. The peak a.f. 
voltage required from the modulator is equal to 
the suppressor bias. 


Control-Grid Modulation 


Although control-grid modulation may be 
used with any type of r.f. amplifier tube, it is 
seldom used with tetrodes and pentodes because 
screen or suppressor modulation is generally 
simpler to adjust. However, control-grid modula- 
tion is the only form of grid modulation that is 
applicable to triode amplifiers. A typical triode 
circuit is given in Fig. 10-14. 

In control-grid modulation the d.c. grid bias is 
the same as in normal Class C amplifier service, 
but the r.f. grid excitation is somewhat smaller. 
The audio voltage superimposed on the d.c. bias 
changes the instantaneous grid bias at an audio 
rate, thus varying the operating conditions in the 
grid circuit and controlling the output and eff- 
ciency of the amplifier. 

The change in instantaneous bias voltage with 
modulation causes the rectified grid current of 
the amplifier to vary, which places a variable 
load on the modulator. To reduce distortion, re- 
sistor & in Fig. 10-14 is connected in the output 
circuit of the modulator as a constant load, so 
that the over-all load variations will be minimized. 
This resistor should be equal to or somewhat 
higher than the load into which the modulator 
tube is rated to work at normal audio output. 
It is also recommended that the modulator cir- 
cuit incorporate as much negative feedback as 
possible, as a further aid in reducing the internal 
resistance of the modulator and thus improving 
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Fig. 10-14—Control-grid modulation of a Class C am- 
plifier. The r.f. grid bypass capacitor, C, should have 
high reactance at audio frequencies (0.005 uf. or less). 


the “‘regulation”’ — that is, reducing the effect 
of load variations on the audio output voltage. 
The turns ratio of transformer T should be about 
1 to 1 in most cases. 

The load on the r.f. driving stage also varies 
with modulation. This in turn will cause the ex- 
citation voltage to vary and may cause the 
modulation characteristic to be nonlinear. To 
overcome it, the driver should be capable of two 
or three times the r.f. power output actually re- 
quired to drive the amplifier. The excess power 
may be dissipated in a dummy load (such as an 
incandescent lamp of appropriate power rating) 
that then performs the same function in the r.f. 
circuit that resistor & does in the audio circuit. 

The d.c. bias source in this system shouJd have 
low internal resistance. Batteries or a voltage- 
regulated supply are suitable. Grid-leak bias 
should not be used. 

Satisfactory adjustment of a control-grid mod- 
ulated amplifier requires an oscilloscope. The 
scope connections are similar to those for screen- 
grid modulation, with audio from the modula- 
tor’s output transformer secondary applied to the 
horizontal plates through a blocking capacitor 
and volume control, and with r.f. from the plate 
tank circuits coupled to the vertical plates. The 
adjustment procedure follows that for screen 
modulation as previously described. 


@ CATHODE MODULATION 
Circuit 

The fundamental circuit for cathode modula- 
tion is shown in Fig. 10-15. It is a combination of 
the plate and grid methods, and permits a carrier 
efficiency midway between the two. Audio power 
is introduced in the cathode circuit, and both 
grid bias and plate voltage are modulated. 

Because part of the modulation is by the 
control-grid method, the plate efficiency of the 
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Fig. 10-15—Circuit arrangement for cathode modulation 

of a Class C r.f. amplifier. Values of bypass capacitors 

in the r.f. circuits should be the same as for other modu- 
lation methods. 


modulated amplifier must vary during modu- 
lation. The carrier efficiency therefore must 
be lower than the efficiency at the modulation 
peak. The required reduction in efficiency de- 
pends upon the proportion of grid modulation 
to plate modulation; the higher the percentage 
of plate modulation, the higher the permissible 
carrier efficiency, and vice versa. The audio 
power required from the modulator also varies 
with the percentage of plate modulation, being 
greater as this percentage is increased. 

The way in which the various quantities 
vary is illustrated by the curves of Fig. 10-16. 
In these curves the performance of the cath- 
ode-modulated r.f. amplifier is plotted in terms 
of the tube ratings for plate-modulated telephony, 
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Fig. 10-16—Cathode-modulation performance curves, 
in terms of percentage of plate modulation plotted 
against percentage of Class C telephony tube ratings. 


Win—D.c. plate input watts in terms of percentage of 
plate-modulation rating. 

W, —Carrier output watts in per cent of plate-modula- 
tion rating (based on plate efficiency of 77.5%). 

W, —Audio power in per cent of d.c. watts input. 

Np —Plate efficiency of the amplifier in percentage. 
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with the percentage of plate modulation as a base. 
As the percentage of plate modulation is de- 
creased, it is assumed that the grid modulation is 
increased to make the over-all modulation reach 
100 per cent. The limiting condition, 100 per cent 
plate modulation and no grid modulation, is at 
the right (A); pure grid modulation is repre- 
sented by the left-hand ordinate (B and C). 


Modulating Impedance 


The modulating impedance of a_ cathode- 
modulated amplifier is approximately equal to 


mB 
Ty 
where m = Percentage of plate modulation (ex- 
pressed as a decimal) 
Ey, = D.c. plate voltage on modulated 
amplifier 
Ty =D.c. plate current of modulated 
amplifier 


The modulating impedance is the load into which 
the modulator must work, just as in the case of 
pure plate modulation. This load must be 
matched to the load required by the modulator 
tubes by proper choice of the turns ratio of the 
modulation transformer. 


Conditions for Linearity 


R.f. excitation requirements for the cathode- 
modulated amplifier are midway between those 
for plate modulation and control-grid modu- 
lation. More excitation is required as the per- 
centage of plate modulation is increased. Grid 
bias should be considerably beyond cut-off; 
fixed bias from a supply having good voltage 
regulation is preferred, especially when the 
percentage of plate modulation is small and 
the amplifier is operating more nearly like a 
grid-bias modulated stage. At the higher per- 
centages of plate modulation a combination of 
fixed and grid-leak bias can be used, since the 
variation in rectified grid current is smaller. 
The grid leak should be bypassed for audio 
frequencies. The percentage of grid modulation 
may be regulated by choice of a suitable tap 
on the modulation-transformer secondary. 

The cathode circuit of the modulated stage 
must be independent of other stages in the 
transmitter. When directly heated tubes are 
modulated their filaments must be supplied from 
a separate transformer. The filament bypass 
capacitors should not be larger than about 0.002 
uf., to avoid bypassing the a.f. modulation. 


Adjustment of Cathode-Modulated 
Amplifiers 

In most respects, the adjustment procedure 
is similar to that for grid-bias modulation. The 
critical adjustments are antenna loading, grid 
bias, and excitation. 

Adjustments should be made with the aid of 
an oscilloscope connected in the same way as for 
grid-bias modulation. With proper antenna, load- 
ing and excitation, the normal wedge-shaped 
pattern will be obtained at 100 per cent modula- 
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tion. As in the case of grid-bias modulation, 
too light antenna loading will cause flattening 
of the upward peaks of modulation as also will 
too high excitation. The cathode current will be 
practically constant with or without modulation 
when the proper operating conditions have been 
established. 


@ LINEAR AMPLIFIERS 


If a signal is to be amplified after modulation 
has taken place, the shape of the modulation 
envelope must be preserved if distortion is to be 
avoided. This requires the use of a linear ampli- 
fier — that is, one that will reproduce, in its 
output circuit, the exact form of the signal en- 
velope applied to its grid. 

The amplitude-modulated driving signal for a 
linear amplifier can at no time be permitted to 
swing below cutoff on the modulation down- 
peaks. To do so would mean that the part of the 
modulation envelope near the zero axis (see Fig. 
10-1C) would be clipped, since there would be 
times when the instantaneous signal voltage 
would be below the minimum value that would 
cause plate-current flow (see Fig. 10-3). 

However, the grid bias may be set at any value 
less than cutoff. Usually, such amplifiers are oper- 
ated at or near the Class B condition — that is, 
with the grid bias at or somewhat less than cutoff. 
Although Class B operation results in consider- 
able distortion of the individual r.f. cycles applied 
to the grid, the modulation envelope is not dis- 
torted if the operating conditions are chosen 
properly. The r.f. distortion produces only r.f. 
harmonics, and these can be eliminated by the 
selectivity of the output tank circuit. 

A linear amplifier used for a.m. has the same 
disadvantages with respect to efficiency that grid 
modulation does. The reason also is much the 
same: since the amplifier must handle a peak- 
envelope power four times as great as the un- 
modulated carrier power, it cannot be operated 
at its full capabilities when it is amplifying only 
the unmodulated carrier. The plate efficiency of 
the amplifier varies with the instantaneous value 
of the modulation envelope (Fig. 10-9). The 
efficiency at the unmodulated carrier level is only 
of the order of 30-35 per cent. 

Because of this low efficiency, linear ampli- 
fiers have not had much application in amateur 
transmitters, especially since equivalent eff- 
ciency can be obtained with grid modulation, 
along with a less critical adjustment procedure. 
Recently there has been some increase in. use 
of a.m. linears, particularly at v.h.f., as a means 
of stepping up the modulated power output of 
very low power transmitters with a minimum of 
complication in over-all equipment and opera- 
tion. To obtain a useful increase in power out- 
put by this means the linear amplifier must use 
a tube or tubes capable of relatively large plate 
dissipation, since about two-thirds of the d.c. 
power input to the amplifier is consumed in 
heating the plate and only about one-third is 
converted to useful carrier output. 


Oscilloscope Patterns 


Checking A.M. Phone Operation 


@ USING THE OSCILLOSCOPE 


Proper adjustment of a phone transmitter 
is aided immeasurably by the oscilloscope. The 
scope will give more information, more accu- 
rately, than almost any collection of other instru- 
ments that might be named. I'urthermore, an 
oscilloscope that is entirely satisfactory for the 
purpose is not necessarily an expensive instru- 
ment; the cathode-ray tube and its power supply 
are about all that are needed. Amplifiers and 
linear sweep circuits are by no means necessary. 

In the simplest scope circuit, radio-frequency 
voltage from the modulated amplifier is applied 
to the vertical deflection plates of the tube, 
usually through blocking capacitors as shown in 
the oscilloscope circuit in the chapter on meas- 
urements, and audio-frequency voltage from the 
modulator is applied to the horizontal deflection 
plates. As the instantaneous amplitude of the 
audio signal varies, the r.f. output of the trans- 
mitter likewise varies, and this produces a wedge- 
shaped pattern or trapezoid on the screen. If the 
oscilloscope has a built-in horizontal sweep, the 
r.f. voltage can be applied to the vertical plates 
as before (never through an amplifier) and the 
sweep will produce a pattern that follows the 
modulation envelope of the transmitter output, 
provided the sweep frequency is lower than the 
modulation frequency. This produces a wave- 
envelope modulation pattern. 


The Wave-Envelope Pattern 


The connections for the wave-envelope pattern 
are shown in Fig. 10-17A. The vertical deflection 
plates are coupled to the amplifier tank coil (or 
an antenna coil) through a low-impedance (coax, 
twisted pair, etc.) line and pick-up coil. As shown 
in the alternative drawing, a resonant circuit 
tuned to the operating frequency may be con- 
nected to the vertical plates, using link coupling 
between it and the transmitter. This will elimi- 
nate r.f. harmonics, and the tuning control is a 
means for adjustment of the pattern height. 

If it is inconvenient to couple to the final 
tank coil, as may be the case if the transmitter is 
tightly shielded, the pick-up loop may be coupled 
to the tuned tank of a matching circuit or an- 
tenna coupler. Any method (even a short antenna 
coupled to the tuned circuit shown in the “‘alter- 
nate input connections” of Fig. 10-17A) that will 
pick up enough r.f. to give a suitable pattern 
height may be used. 

The position of the pick-up coil should be 
varied until] an unmodulated carrier pattern, 
Fig. 10-18B, of suitable height is obtained. The 
horizontal sweep voltage should be adjusted to 
make the width of the pattern somewhat more 
than half the diameter of the screen. When voice 
modulation is applied, a rapidly changing pattern 
of varying height will be obtained. When the 
maximum height of this pattern is just twice that 
of the carrier alone, the wave is being modulated 
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Fig. 10-17—Methods of connecting the oscilloscope for 

modulation checking. A—connections for wave-envelope 

pattern with any modulation method; B—connections for 
trapezoidal pattern with plate or screen modulation. 


100 per cent. This is illustrated by Fig. 18-18D, 
where the point X represents the horizontal 
sweep line (reference line) alone, YZ is the car- 
rier height, and PQ is the maximum height of 
the modulated wave. 

If the height is greater than the distance PQ, 
as illustrated in E, the wave is overmodulated in 
the upward direction. Overmodulation in the 
downward direction is indicated by a gap in the 
pattern at the reference axis, where a single 
bright line appears on the screen. Overmodula- 
tion in either direction may take place even 
when the modulation in the other direction is 
less than 100 per cent. 


The Trapezoidal Pattern 


Connections for the trapezoid or wedge pattern 
as used for checking a.m. are shown in Fig. 
10-17B. The vertical plates of the c.r. tube are 
coupled to the transmitter tank through a pick-up 
loop, preferably using a tuned circuit, as shown 
in the upper drawing, adjustable to the operat- 
ing frequency. Audio voltage from the modu- 
lator is applied to the horizontal plates through 
a voltage divider, R,R,. This voltage should 
be adjustable so a suitable pattern width can 
be obtained; a 0.25-megohm volume control 
can be used at Re for this purpose. 
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Fig. 10-18—Wave-envelope and trapezoidal patterns 
representing different conditions of modulation. 


The resistance required at Ry will depend on 
the d.c. voltage on the modulated element. The 
total resistance of R, and Rp» in series should 
be about 0.25 megohm for each 100 volts. For 
example, if a plate-modulated amplifier operates 
at 1500 volts, the total resistance should be 3.75 
megohms, 0.25 megohm at FR» and the remainder, 
3.5 megohms, in 2. Ry should be composed of indi- 
vidual resistors not larger than 0.5 megohm each, 
in which case 1-watt resistors will be satisfactory. 

For adequate coupling at 100 cycles the ca- 
pacitance, in microfarads, of the blocking capac- 
itor, C, should be at least 0.05/R, where F is 
the total resistance (Ry + Re) in megohms. In 
the example above, where F# is 3.75 megohms, 
the capacitance should be 0.05/3.75 = 0.013 
uf. or more. The voltage rating of the capacitor 
should be at least twice the d.c. voltage applied 
to the modulated element. 

Trapezoidal patterns for various conditions 
of modulation are shown in Fig. 10-18 at F to J, 
each alongside the corresponding wave-enve- 
lope pattern. With no signal, only the cathode- 
ray spot appears on the screen. When the un- 
modulated carrier is applied, a vertical line ap- 
pears; the length of the line should be adjusted, 
by means of the pick-up coil coupling, to a con- 
venient value. When the carrier is modulated, 


296 


the wedge-shaped pattern appears; the higher 
the modulation percentage, the wider and more 
pointed the wedge becomes, At 100 per cent 
modulation it just makes a point on the axis, X, 
at one end, and the height, PQ, at the other end 
is equal to twice the carrier height, YZ. Over- 
modulation in the upward direction is indicated 
by increased height over PQ, and downward by 
an extension along the axis X at the pointed end. 


& CHECKING TRANSMITTER 
PERFORMANCE 


The trapezoidal pattern is generally more 
useful than the wave-envelope pattern for check- 
ing the operation of a phone transmitter. How- 
ever, both types of patterns have their special 
virtues, and the best test setup is one that makes 
both available. The trapezoidal pattern is better 
adapted to showing the performance of a modu- 
lated amplifier from the standpoint of inherent 
linearity, without regard to the wave form of the 


Fig. 10-19—Top—A typical trapezoidal pattern ob- 
tained with screen modulation adjusted for optimum 
conditions. The sudden change in slope near the point 
of the wedge occurs when the screen voltage passes 
through zero. Center—lIf there is no audio distortion, 
the unmodulated carrier will have the height and position 
shown by the white line superimposed on the sine-wave 
modulation pattern. Bottom—Even-harmonic distortion in 
the audio system, when the audio signal applied to the 
speech amplifier is a sine wave, is indicated by the fact 
that the modulation pattern does not extend equal 
horizontal distances on both sides of the unmodulated 
carrier. 


Checking Transmitter Performance 


audio modulating signal, than is the wave-en- 
velope pattern. Distortion in the audio signal 
also can be detected in the trapezoidal pattern, 
although experience in analyzing scope patterns 
is required to recognize it. 

If the wave-envelope pattern is used with a 
sine-wave audio modulating signal, distortion in 
the modulation envelope is easily recognizable; 
however, it is difficult to determine whether the 
distortion is caused by lack of linearity of the 
r.f. stage or by a.f. distortion in the modulator. 
If the trapezoidal pattern shows good linearity 
in such a case the trouble obviously is in the 
audio system. It is possible, of course, for both 
defects to be present simultaneously. If they 
are, the r.f. amplifier should be made hnear first; 
then any distortion in the modulation envelope 
will be the result of improper operation in the 
speech amplifier or modulator, or in coupling 
the modulator to the modulated r.f. stage. 


R. F. Linearity 


The trapezoidal pattern is a graph of the modu- 
lation characteristic of the modulated amplifier. 
The sloping sides of the wedge show the rf. 
amplitude for every value of instantaneous modu- 
lating voltage, exactly the type of curve plotted 
in Fig. 10-4. If these sides are perfectly straight 
lines, as drawn in Fig. 10-18 at H and I, the modu- 
lation characteristic is linear. If the sides show 
curvature, the characteristic is nonlinear to an 
extent shown by the degree to which the sides 
depart from perfect straightness. This is true 
regardless of the modulating wave form. 


Audio Distortion 


If the speech system can be driven by a good 
audio sine-wave signal instead of a microphone, 
the trapezoidal pattern also will show the presence 


of even-harmonic distortion (the most common 
type, especially when the modulator is over- 
loaded) in the speech amplifier or modulator. If 
there is no distortion in the audio system, the 
trapezoid will extend-horizontally equal distances 
on each side of the vertical line representing the 
unmodulated carrier. If there is even-harmonic 
distortion the trapezoid will extend farther to one 
side of the unmodulated-carrier position than to 
the other. This is shown.in Fig. 10-19. The prob- 
able cause is inadequate power output from the 
modulator, or incorrect load on the modulator. 

An audio oscillator having reasonably good 
sine-wave output is highly desirable for testing 
both speech equipment and the phone transmit- 
ter as a whole. With an oscillator and the scope, 
the pattern is steady and can be studied closely 
to determine the effects of adjustments. 

In the case of the wave-envelope pattern, 
distortion in the audio system will show up in 
the modulation envelope (with a sine-wave 
input signal) as a departure from the sine-wave 
form, and may be checked by comparing the 
envelope with a drawing of a sine wave. Attrib- 
uting any such distortion to the audio system 
assumes, of course, that a check has been made 
on the linearity of the modulated r.f. amplifier, 
preferably by use of the trapezoidal pattern. 


Typical Patterns 


Figs. 10-20, 10-21 and 10-22 show some typical 
scope patterns of modulated signals for different 
conditions of operation. The screen-modulation 
patterns, Fig. 10-20, also show how the presence 
of even-harmonic audio distortion can be de- 
tected in the trapezoidal pattern. The pattern 
to be sought in adjusting the transmitter is the 
one at the top in Fig. 10-20, where the top and 
bottom edges of the pattern continue in straight 


Unmodulated carrier. 


Approximately 50 per cent modulation. 


100 per cent modulation. 


Fig. 10-20—Oscilloscope patterns showing proper modulation of a plate-and-screen modulated tetrode r.f. amplifier. 

Upper row, trapezoidal patterns; lower row, corresponding wave-envelope patterns. In the latter a linear sweep having 

a frequency one-third that of the sine-wave audio modulating frequency was used, so that three cycles of the modulation 
envelope show in the pattern. 
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Modulation over 100 per cent. 


Improper screen-circuit time constant. 


Insufficient audio power. 


Fig. 10-21—Improper operation or design. These pictures are to the same scale as those in Fig. 10-20, on the same 
transmitter and with the same test setup. 


lines up to the point representing 100 per cent 
modulation. If these edges tend to bend over 
toward the horizontal at the maximum height 
of the wedge the amplifier is ‘‘flattening’” on the 
modulation up-peaks. This is usually caused by 
attempting to get too large a carrier output, 
and can be corrected by tighter coupling to the 
antenna or by reducing the d.c. screen voltage. 

Fig. 10-20 shows patterns indicating proper 
operation of a plate-and-screen modulated tet- 
rode r.f. amplifier. The slight “‘tailing off” at the 
modulation down peak (point of the wedge) 
can be minimized by careful adjustment of exci- 
tation and plate loading. 

Several types of improper operation are shown 
in Fig. 10-21. In the photos at the left the 
linearity of the r.f. stage is good but the ampli- 
fier is being modulated over 100 per cent. This 
is shown by the maximum height of the pattern 
(compare with the unmodulated carrier of 
Fig. 10-20) and by the bright lne extending 
from the point of the wedge (or between sections 
of the envelope). 

The patterns in the center, Fig. 10-21, show 
the effect of a too-long time constant in the 
screen circuit, In an amplifier getting its screen 
voltage through a dropping resistor, both plate 
and screen being modulated. The ‘double- 
edged’”’ pattern is the result of audio phase 
shift in the screen circuit combined with vary- 
ing screen-to-cathode resistance during modu- 
lation. The over-all effect is to delay the rise in 
output amplitude during the up-sweep of the 
modulation cycle, shghtly distorting the modula- 
tion envelope as shown in the wave-envelope pat- 
tern. This effect, which becomes more pronounced 
as the audio modulating frequency is increased, 
is usually absent at low modulation percentages 
but develops rapidly as the modulation ap- 
proaches 100 per cent. It can be reduced by 
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reducing the screen bypass capacitance, and 
also by connecting resistance (to be determined 
experimentally, but of the same order as the 
screen dropping resistance) between screen 
and cathode. 

The right-hand pictures in Fig. 10-21 show 
the effect of insufficient. audio power. Although 
the trapezoidal pattern shows good linearity in 
the r.f. amplifier, the wave-envelope pattern 
shows flattened peaks (both positive and nega- 
tive) in the modulation envelope even though the 
audio signal applied to the amplifier was a sine 
wave. More speech-amplifier gain merely in- 
creases the flattening without increasing the 
modulation percentage in such a case. The 
remedy is to use a larger modulator or less input 
to the modulated r.f. stage. In some cases the 
trouble may be caused by an incorrect modu- 
lation-transformer turns ratio, causing the mod- 
ulator to be overloaded before its maximum 
power output capabilities are reached. 


Faulty Patterns 


The pattern defects shown in Fig. 10-21 are 
only a few out of many that might be observed 
in the testing of a phone transmitter, all capable 
of being interpreted in terms of improper opera- 
tion in some part of the transmitter. However, 
it is not always the transmitter that is at fault 
when the scope shows an unusual pattern. The 
trouble may be in some defect in the test setup. 

Patterns representative of two common faults 
of this nature are shown in Fig. 10-22. The 
upper picture shows the trapezoidal pattern 
when the audio voltage applied to the horizontal 
plates of the c.r. tube is not exactly in phase 
with the modulation envelope. The normal 
straight edges of the wedge are transformed into 
ellipses which in the case of 100 per cent modula- 
tion (shown) touch at the horizontal axis and 


Checking Transmitter Performance 


Fig. 10-22—Upper photo—Audio phase shift in cou- 
pling circuit between transmitter and horizontal deflec- 
tion plates. Lower photo—Hum on 
vertical deflection plates. 


reach maximum heights equal to the height of 
the normal wedge at the modulation up-peak. 
Such a phase shift can occur (and usually will) 
if the audio voltage applied to the c.r. tube de- 
flection plates is taken from any point in the 
audio system.other than where it is applied to 
the modulated r.f. stage. The coupling capacitor 
shown in Fig. 10-17 must have very low react- 
ance compared with the resistance of /2; and Ro 
in series -— not larger than a few per cent of the 
resistance. 

The wave-envelope pattern in Fig. 10-22 
shows the effect of hum on the vertical deflection 
plates. This may actually be on the carrier 
or may be introduced in some way from the a.c. 
line through stray coupling between the scope 
and the line or because of poor grounding of the 
scope, transmitter or modulator. 

It is important that r.f. from the modulated 
stage only be coupled to the oscilloscope, and 
then only to the vertical plates. If r.f. is present 
also on the horizontal plates, the pattern will 
lean to one side instead of being upright. If the 
oscilloscope cannot be moved to a position where 
the unwanted pick-up disappears, a small by- 
pass capacitor (10 wyf. or more) should be 
connected across the horizontal plates as close 
to the cathode-ray tube as possible. An r.f. 
choke (2.5 mh. or smaller) may also be connected 
in series with the ungrounded horizontal plate. 


@ MODULATION CHECKING WITH 
THE PLATE METER 


The plate milliammeter of the modulated am- 
plifier provides a simple and fairly reliable means 
for checking the performance of a phone trans- 
mitter, although it does not give nearly as definite 
information as the oscilloscope does. If the modu- 
lated amplifier is perfectly linear, its plate current 


will not change when modulation is applied if 

1) the upward modulation percentage does 
not exceed the modulation capability of the 
amplifier, 

2) the downward modulation does not exceed 
100 per cent, and 

3) there is no change in the d.c. operating 
voltages on the transmitter. 

The plate current should be constant, ideally, 
with any of the methods of modulation discussed 
in this chapter, with the single exception of the 
controlled-carrier system. The plate meter cannot 
give a reliable check on the performance of the 
latter system because the plate current increases 
with the intensity of modulation. 


Plate Modulation 


With plate modulation, a downward shift in 
plate current may indicate one or more of the 
following: 

1) Insufficient excitation. 

2) Insufficient grid bias. 

3) R.f. amplifier not loaded properly. 

4) Insufficient output capacitance in the filter 

of the modulated-amplifier plate supply. 

5) Excessive d.c. input to the r.f. amplifier, 
under carrier conditions. Alternatively, the 
cathode emission of the amplifier tubes may 
be low. 

6) In plate-and-screen modulation of tetrodes 
or pentodes, the screen is not being suffi- 
ciently modulated along with the plate. If 
the d.c. screen voltage is obtained through 
a dropping resistor, a dip in plate current 
may occur if the screen bypass capacitance 
is large enough to bypass audie frequencies. 
Poor voltage regulation of the modulated- 
amplifier plate supply. It is readily checked 
by measuring the voltage with and without 
modulation. Poor line regulation will be 
shown by a drop in filament voltage with 
modulation. 
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Any of the following may cause an upward 
shift in plate current: 

1) Overmodulation (excessive audio power, 
audio gain too high). 

2) Incomplete neutralization of the modu- 
lated amplifier. 

3) Parasitic oscillation in the modulated am- 
plifier. 


Grid Modulation 


With any type of grid modulation, any of the 
following may cause a downward shift in modu- 
lated-amplifier plate current: 

1) Too much r.f. excitation. 

2) Insufficient grid bias with control-grid 
modulation. Grid bias is usually not critical 
with screen and suppressor modulation. 

3) With control-grid modulation, excessive 
resistance in the bias supply. 

4) Insufficient output capacitance in plate- 
supply filter. 

5) Amplifier is not loaded heavily enough. 


Because grid modulation is not perfectly linear, 
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(always less so than plate modulation) an am- 
plifier that is properly designed and operated 
may show a small upward plate-current shift 
with modulation, 10 per cent or less with sine- 
wave modulation and amounting to an occa- 
sional upward flicker with voice. An upward 
plate current shift in excess of this may be 
caused by 
~ 1) Overmodulation (excessive modulating volt- 
age). 
2) Regeneration (incomplete neutralization). 
3) With control-grid or suppressor modulation, 
bias too great. 
4) With screen modulation, d.c. screen voltage 
too low. 
5) Audio distortion in modulator. 


In grid-modulation systems the modulator is 
not necessarily operating linearly if the plate 
current stays constant with or without modula- 
tion. It is readily possible to arrive at a set of 
operating conditions in which flattening of the 
up-peaks is just balanced by overmodulation 
downward. The oscilloscope provides the only 
certain check on grid modulation. 


@ COMMON TROUBLES IN THE 
PHONE TRANSMITTER 


Noise and Hum on Carrier 


Noise and hum may be detected by listen- 
ing to the signal on a receiver, provided the re- 
ceiver is far enough away from the transmitter 
to avoid overloading. The hum level should be 
low compared with the voice at 100 per cent mod- 
ulation. Hum may come either from the speech 
amplifier and modulator or from the r.f. section 
of the transmitter. Hum from the r.f. section can 
be detected by completely shutting off the modu- 
lator; if hum remains, the power-supply filters for 
one or more of the r.f. stages have insufficient 
smoothing. With a hum-free carrier, hum intro- 
duced by the modulator can be checked by turn- 
ing on the modulator but leaving the speech 
amplifier off; power-supply filtering is the likely 
source of such hum. If carrier and modulator are 
both clean, connect the speech amplifier and ob- 
serve the increase in hum level. If the hum dis- 
appears with the gain control at minimum, the 
hum is being introduced in the stage or stages 
preceding the gain control. The microphone 
also may pick up hum, a condition that can 
be checked by removing the microphone from 
the circuit but leaving the first speech-ampli- 
fier grid circuit otherwise unchanged. A good 
ground (to a cold water pipe, for example) on 
the microphone and speech system usually is 
essential to hum-free operation. 


Spurious Sidebands 


A superheterodyne receiver having good selec- 
tivity (bandwidth of less than | ke.) is needed for 
checking spurious sidebands outside the normal 
communication channel. The r.f. input to the 
receiver must be kept low enough, by removing 
the antenna or by adequate separation from the 
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transmitter, to avoid overloading and consequent 
spurious receiver responses. An ‘‘S’’-meter read- 
ing of about half scale is satisfactory. With the 
selectivity at its sharpest, tune through the 
region outside the normal channel limits (3 
to 4 kilocycles each side of the carrier) while 
another person talks into the microphone. 
Spurious sidebands will- be observed as inter- 
mittent ‘‘clicks”’ or crackles well away from 
the carrier frequency. Sidebands more than 3 
to 4 ke. from the carrier should be of negligible 
strength, compared with the carrier, in a prop- 
erly modulated phone transmitter. The causes 
are overmodulation or nonlinear operation. 

With sine-wave modulation the relative inten- 
sities of sidebands can be observed if a tone of 
1000 cycles or so is used. The ‘“‘S”-meter will 
show how the spurious side frequencies (those 
spaced more than the modulating frequency 
from the carrier) compare with the carrier itself. 
Without an ‘S’-meter, the a.v.c. should be 
turned cff and the b.f.o. turned on; then the 
r.f. gain should be set to give a moderately strong 
beat note with the carrier. The intensity of side 
frequencies can be estimated from the relative 
strength of the beats as the receiver is tuned 
through them. 

Receivers having steep-sided band-pass filters 
for single-sideband reception can be used, but 
the technique is more difficult. If the band pass 
is, say, 3 ke., the signal should first be tuned in 
with the carrier placed at one edge of the pass 
band. If it is placed at the low edge, for example, 
the receiver should then be tuned 3 ke. higher 
so its response will be in the region just outside 
the normal spectrum space occupied by one 
sideband. Any “crackles”? heard in this region 
represent the results of nonlinearity or over- 
modulation. This assumes that the precautions 
mentioned above with respect to receiver over- 
loading have been carefully observed. 


R.F. in Speech Amplifier 


A small amount of r.f. current in the speech 
amplifier — particularly in the first stage, which 
is most susceptible to such r.f. pickup — will 
cause overloading and distortion in the low-level 
stages. Frequently also there is a regenerative 
effect which causes an audio-frequency oscillation 
or “howl” to be set up in the audio system. In 
such cases the gain control cannot be advanced 
very far before the how] builds up, even though 
the amplifier may be perfectly stable when the 
r.f. section of the transmitter is not turned on. 

Complete shielding of the microphone, micro- 
phone cord, and speech amplifier is necessary to 
prevent r.f. pickup, and a ground connection 
separate from that to which the transmitter is 
connected is advisable. 

If the transmitter is “hot” with r.f., the 
cause usually is to be found in the method of 
coupling to the antenna. Any form of coupling 
that involves either a direct or capacitive con- 
nection between the transmitter and the trans- 
mission line is likely to cause the transmitter 
chassis to assume an r.f, potential above ground 


An A.M. Modulation Monitor 


because of ‘‘parallel’”’ type currents on the line. 
An earth connection to the transmitter does not 
always help in such a case. The best remedy is 
to use inductive coupling between the trans- 
mitter and line. 


@ MODULATION MONITORING 


It is always desirable to modulate as fully as 
possible, but 100 per cent modulation should 
not be exceeded — particularly in the down- 
ward direction — because harmonic distortion 
wil be generated and the channel width in- 
creased. This causes unnecessary interference to 
other stations. The oscilloscope is the best instru- 
ment for continuously checking the modulation. 
However, simpler indicators may be used for the 
purpose, once calibrated. 

A convenient indicator, when a Class B modu- 
lator is used, is the plate milliammeter in the 


Class B stage, since the plate current of the mod- 
ulator fluctuates with the voice intensity. Using 
the oscilloscope, determine the gain-control set- 
ting and voice intensity that give 100 per cent 
modulation on voice peaks, and simultaneously 
observe the maximum Class B_ plate-milliam- 
meter reading on the peaks. When this maximum 
reading is obtained, it will suffice to adjust the 
gain so that it is not exceeded. 

A high- resistance (1000-ohms-per-volt or more) 
rectifier-type voltmeter (copper-oxide or ger- 
manium type) also can be used for modulation 
monitoring. It should be connected across the 
output circuit of an audio driver stage where 
the power level is a few watts, and similarly cali- 
brated against the oscilloscope to determine the 
reading that represents 100 per cent modulation. 

The plate milliammeter of the modulated 
r.f. stage also is of value as an indicator of over- 
modulation, as explained earlier. 


A. M. Modulation Monitor 


The modulation monitor shown in Figs. 10-23 
and 10-25 uses two magic-eye tubes and a dual 
diode. One eye closes whenever the modulation 
reaches 50 per cent or more, and the second eye 
closes when the modulation hits 85 per cent or 
more. In operation, the operator controls his 
speech to close the 50%” eye much of the time 
without closing the “85%’’ eye except on rare 
occasions. No adjustment of the monitor is 
required other than the setting of two intensity 
controls for the ambient light condition. The 
monitor, with the constants to be described, 
will work with any plate-modulated amplifier 
at voltages between 300 and 500; with a slight 
modification it can be extended to 750 volts. 

The circuit diagram is shown in Fig. 10-24. A 
voltage divider, consisting of R,, Re plus Rs, 
and F4, is connected across the plate supply of 
the modulated stage. The cathodes of two diodes 
are connected to the modulated voltage applied 
to the r.f. amplifier, and the anodes of the two 
diodes are connected through 100K resistors to 
the junctions on the voltage divider. The volt- 
age divider is proportioned so that the cathode 
of V; is at approximately 50 per cent of the plate 
supply voltage and the cathode of V2 is at 15 
per cent of the voltage. When the instantaneous 


voltage is 50 per cent or less of the idling plate — 


voltage, as during the negative portion of a modu- 
lation cycle, the upper diode of V3 will conduct 


Fig. 10-23—An a.m. modulation indicator using two inex- 

pensive magic eye tubes. It is to be connected to the plate 

supply and modulation transformer of the plate-modulated 

transmitter stage. The monitor is built in one half of a 

Minibox and the entire assembly is supported by a cane- 

metal housing. Heater transformers hang down from the 
Minibox, inside the housing. 


and the voltage drop across the associated 100K 
resistor will close the eye of V1. If during the 
negative portion of the cycle the instantaneous 
voltage goes as low as 15 per cent of the supply 
voltage, the lower diode of V3 will conduct and 
the drop across the associated 100K resistor will 
close the eye of Vo. Capacitors at the grids of V1 
and V2 make the edges of the closing eyes readily 
visible. 

Type 1629 magic eye tubes are used because 
they are common tubes in radio surplus stores and 
are quite inexpensive. Because they have a lim- 
ited cathode-to-heater voltage rating, it is neces- 
sary to use a separate heater transformer with its 
center tap connected to a midpoint on the voltage 
divider. For similar insulation reasons, a separate 
heater transformer is used for the twin diode, V3. 


Construction 


With the exception of the transformers, all 
components are mounted inside a5 X 7 X 38-inch 
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Minibox. A supporting housing for the chassis 
is made from a small piece of Reynolds No. 33 
aluminum mesh, available in many hardware 
stores. A 3-inch lip bent in on the bottom edge 
provides greater rigidity for the structure and a 
surface to which four rubber feet can be attached. 
The monitor is built, within one half of the Mini- 
box and the two transformers are mounted on 
the cther side of this half. Two Amphenol 58- 
MEA8 assemblies are used to support the magic 
eye tubes; these include the mounting brackets, 
the sockets and wires, the light shields and the 
metal escutcheons. The 6H6 socket is supported 
off the chassis by two 34-inch ceramic insulators, 


Operation 


When using the monitor with a transmitter, the 
only adjustment necessary is that of the two 
100K intensity controls. The 50%” eye will 
start to close at about 50 per cent modulation 
and will be completely closed at around 70 per 
cent. The ““85%”’ eye will start to close at about 
85 per cent and be completely closed at 100 per 
cent modulation. 


Higher Voltages 


If the monitor is to be used at supply voltages 
between 500 and 750, several alterations are re- 
quired. Either the ‘50%’ eye must be elimi- 
nated or a second 12.6-volt transformer must be 
added (sc that each 1629 has its own heater sup- 
ply). At the higher voltage, additional 47K 
2-watt resistors should be connected in series 
with the intensity controls. The voltage divider 
R, through R4 must be modified for the higher 
dissipation. 
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Fig. 10-24—Circuit diagram of the modulation monitor. 


Unless specified otherwise, resistors are 2 watt, resist- 
ances are in ohms, capacitances are in pf. 

C), C2—Disk ceramic. 

E;, E2, E3;—Insulated tip jacks (Johnson 105-601, —602, 
—603) 

Ti—12.6-v. 2-a. transformer (Knight 61 G 420) 

T2—6.3-v. 0.6-a. transformer (Knight 61 G 416) 


Fig. 10-25—Modulation monitor with 
housing and case removed. Tie strips and 
adequately -insulated wire are required. 
Cable clamps hold the wires from the 
magic-eye sockets, to avoid strain on the 
tubes. Transformers cannot be seen in 
this view because they are on the other 
side of the assembly. Note ventilation 
holes at right-hand corner. 


CHAPTER 11 


Suppressed-Carrier and 


Single-Sideband Techniques 


A fully modulated a.m. signal has two-thirds 
of its power in the carrier and only one-third 
in the sidebands. The sidebands carry the in- 
telligence to be transmitted; the carrier “goes 
along for the ride” and serves only to demodulate 
the signal at the receiver. By eliminating the 
carrier and transmitting only the sidebands or 
just one sideband, the available transmitter 
power is used to greater advantage. The carrier 
must be reinserted at the receiver, but this is 
no great problem, as explained later under 
“Receiving Suppressed-Carrier Signals.” 

Assuming that the same final-amplifier tube or 
tubes are used either for normal a.m. or for 
single sideband, carrier suppressed, it can be 
shown that the use of s.s.b. can give an effective 
gain of up to 9 db. over a.m. — equivalent to 
increasing the transmitter power 8 times. Elimi- 
nating the carrier also eliminates the heterodyne 
interference that so often spoils communication 
in congested phone bands. 


@ DOUBLE-SIDEBAND GENERATORS 


The carrier can be suppressed or nearly elimi- 
nated by an extremely sharp filter or by using a 
balanced modulator. The basic principle in any 
balanced modulator is to introduce the carrier in 
such a way that it does not appear in the output 
but so that the sidebands will. This requirement 
is satisfied by introducing the audio in push-pull 
and the r.f. drive in parallel, and connecting the 
output in push-pull. Balanced modulators can 
also be connected with the r.f. drive and audio 
inputs in push-pull and the output in parallel 
with equal effectiveness. The choice of a balanced 
modulator circuit is generally determined by con- 
structional considerations and the method of 
modulation preferred by the builder. Vacuum- 
tube balanced modulators can be operated at 
high power levels and the double-sideband out- 
put can be used directly into the antenna. A 
d.s.b. signal can be copied by the same methods 
that are used for single-sideband signals, pro- 
vided the receiver has sufficient selectivity to re- 
ject one of the sidebands. 

In any balanced-modulator circuit there will 
be no output with no audio signal. When audio 
is applied, the balance is upset, and one branch 
will conduct more than the other. Since any 
modulation process is the same as “mixing” 
in receivers, sum and difference frequencies (side- 
bands) will be generated. The modulator is not 
balanced for the sidebands, and they will appear 
in the output. 


In the rectifier-type balanced modulators 
shown in Fig. 11-1, the diode rectifiers are con- 
nected in such a manner that, if they have equal 
forward resistances, no r.f. can pass from the 
carrier source to the output circuit via either of 
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Fig. 11-1—Typical rectifier-type balanced modulators. 


The circuit at A is called a ‘‘bridge” balanced modulatcr 
and has been widely used in commercial work. 

The balanced modulator at B is shown with constants 
suitable for operation at 450 kc. It is useful for working 
into a crystal bandpass filter. Ti is a transformer designed 
to work from the audio source into a 600-ohm load, and 
Tz is an ordinary i.f. transformer with the trimmer recon- 
nected in series with a 0.001 -yuf. capacitor, for impedance- 
matching purposes from the modulator. The capacitor Cy is 
for carrier balance and may be found unnecessary in some 
instances—it should be tried connected on either side of 
the carrier input circuit and used where it is more effective. 
The 250-ohm potentiometer is normally all that is required 
for carrier balance. The carrier input should be sufficient to 
develop several volts across the resistor string. 

The circuit at C is shown with constants suitable for 
operation at 3.9 Mc. T3 is a step-down output transformer 
(Stancor A3250, 10,000 to 200 ohms), shunt-fed to elim- 
inate d.c. from the windings. Li can be a small coupling 
coil wound on the “‘cold’’ end of the carrier-oscillator 
tank coil, with sufficient coupling to give two or three volts 
of r.f. across its output. Le is a slug-tuned coil that resonates 
to the carrier frequency with the effective 0.001 wf. across 

it. The 1000-ohm potentiometer is for carrier balance. 
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Fig. 11-2—A _ twin-diode balanced-modulator circuit. 

This is essentially the same as the circuit in Fig. 11-1C, 

and differs only in that a twin diode is used instead of 

dry rectifiers. The heater circuit for the twin diode can 

be connected in the usual way (one side grounded or 
center tap grounded). 


the two possible paths. The net effect is that no 
r.f. energy appears in the output. When audio is 
applied, it unbalances the circuit by biasing the 
diode (or diodes) in one path, depending upon the 
instantaneous polarity of the audio, and hence 
some r.f. will appear in the output. The r.f. in the 
output will appear as a double-sideband sup- 
pressed-carrier signal. (For a more complete 
description of diode-modulator operation, see 
“Diode Modulators,” QST, April, 1953, p. 39.) 

In any diode modulator, the r.f. voltage should 
be at least 6 or 8 times the peak audio voltage, for 
minimum distortion. The usual operation in- 
volves a fraction of a volt of audio and several 
volts of r.f. The diodes should be matched as 
closely as possible — ohmmeter measurements 
of their forward resistances is the usual test. 

(The circuit of Fig. 11-1B is described more 
fully in Weaver and Brown, ‘‘Crystal Lattice 
Filters for Transmitting and Receiving,” QST, 
August, 1951. The circuit of Fig. 11-1C is suitable 
for use in a double-balanced-modulator circuit 
and is so described in ‘‘SSB, Jr.,’’ General Electric 
- Ham News, September, 1950.) 

Vacuum-tube diodes can also be used in the 
two- and four-diode balanced-modulator circuits, 
and many operators consider them superior to the 
dry rectifier circuits. A typical balanced modu- 
lator circuit using a twin diode (6AL5, 6H6, 
etc.) is shown in Fig. 11-2. In phasing-type s.s.b. 
generators (described later) two of these modu- 
lators are required, and they are usually worked 
into a common output circuit. (For a description 
of a complete s.s.b. exciter using 6AL5 balanced 
modulators, see Vitale, ‘Cheap and Easy 
S.8.B.,” QST, March, 1956, and May, 1958.) 

Another form of balanced modulator uses the 
type 7360 ‘‘beam-deflection”’ tube, and it is cap- 
able of a high order of carrier suppression (60 db.) 
with good output (4 volts peak-to-peak) and low 
distortion (45 db.). A typical application is 
shown in the s.s.b. generator described later in 
this chapter. 


2 SINGLE-SIDEBAND GENERATORS 


Two basic systems for generating s.s.b. signals 
are shown in Fig. 11-8. One involves the use of a 
bandpass filter having sufficient selectivity to pass 
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one sideband and reject the other. Filters having 
such characteristics can only be constructed for 
relatively low frequencies, and most filters used 
by amateurs are designed to work somewhere 
around 500 ke. Good sideband filtering can 
be done at frequencies as high as 5 Mc. by using 
multiple-crystal filters. The low-frequency oscil- 
lator output is combined with the audio output 
of a speech amplifier in a balanced modulator, 
and only the upper and lower sidebands appear 
in the output. One of the sidebands is passed 
by the filter and the other rejected, so that an 
s.s.b. signal is fed to the mixer. The signal is 
there mixed with the output of a high-frequency 
r.f. oscillator to produce the desired output fre- 
quency. For additional amplification a linear r.f. 
amplifier (Class A or Class B) must be used. 
When the s.s.b. signal is generated around 
500 ke. it may be necessary to convert twice to 
reach the operating frequency, since this sim- 
plifies the problem of rejecting the “image” 
frequencies resulting from the heterodyne proc- 
ess. The problem of image frequencies in the 
frequency conversions of s.s.b. signals differs 
from the problem in receivers because the beat- 
ing-oscillator frequency becomes important. 
Hither balanced modulators or sufficient selec- 
tivity must be used to attenuate these frequen- 
cies in the output and hence minimize the pos- 
sibility of unwanted radiations. (Examples of 
filter-type exciters can be found in QST' for 
June, 1958, and January, 1956.) 

The second system is based on the phase rela- 
tionships between the carrier and sidebands in a 
modulated signal. As shown in the diagram, the 
audio signal is split into two components that are 
identical except for a phase difference of 90 de- 
grees. The output of the r.f. oscillator (which may 
be at the operating frequency, if desired) is like- 
wise split into two separate components having a 
90-degree phase difference. One r.f. and one audio 
component are combined in each of two separate 
balanced modulators. The carrier is suppressed in 
the modulators, and the relative phases of the 
sidebands are such that one sideband is balanced 
out and the other is augmented in the combined 
output. If the output from the balanced modu- 
lators is high enough, such an s.s.b. exciter can 
work directly into the antenna, or the power 
level can be increased in a following amplifier. 

Properly adjusted, either system is capable of 
good results. Arguments in favor of the filter sys- 
tem are that it is somewhat easier to adjust with- 
out an oscilloscope, since it requires only a re- 
ceiver and a v.t.v.m. for alignment, and it is more 
likely to remain in adjustment over a long period 
of time. The chief argument against it, from the 
amateur viewpoint, is that it requires quite a few 
stages and at least one frequency conversion after 
modulation. The phasing system requires fewer 
stages and can be designed to require no fre- 
quency conversion, but its alignment and adjust- 
ment are often considered to be a little “trickier” 
than that of the filter system. This probably 
stems from lack of familiarity with the system 
rather than any actual difficulty, and now that 
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Fig. 11-3—Two basic systems for generating single-sideband suppressed-carrier signals. Representations of a typical 
envelope picture (as seen on an oscilloscope) and spectrum picture (as seen on a very selective panoramic receiver) are 
shown above and below the connecting links. 


commercial preadjusted audio-phasing networks 
are available, most of the alignment difficulty 
has been eliminated. In most cases the phasing 
system will cost less to apply to an existing 
transmitter. 

Regardless of the method used to generate a 


s.s.b. signal of 5 or 10 watts, the minimum cost 
will be found to be higher than for an a.m. trans- 
mitter of the same low power. However, as the 
power level is increased, the s.s.b. transmitter 
becomes more economical than the a.m. rig, both 
initially and from an operating standpoint. 


Filter-Type S.S.B. Exciters 


The basic configuration of a filter-type s.s.b. 
exciter was shown in Fig. 11-3. Suitable filters, 
sharp enough to reject the unwanted sideband 
above a few hundred cycles, can be built in the 
range 20 ke. to 5 Mc. The low-frequency filters 
generally use iron-cored inductors, and the new 
toroid forms find considerable favor at frequen- 
cies up to 50 or 60 kc. These filters are of normal 
band-pass constant-k and m-derived configura- 
tion. In the range 450 to 500 kc., either crystal- 
lattice or electro-mechanical filters are used. Low- 
frequency filters are manufactured by Barker & 
Williamson and by Burnell & Co., and electro- 
mechanical filters are made by the Collins Radio 
Co. Crystal-lattice filters are available from 
Hermes Electronics in the megacycles range; 
homemade filters generally utilize crystals from 
military surplus. 

The frequency of the filter determines how 
many conversions must be made before the op- 


erating frequency is reached. For example, if the 
filter frequency is 30 ke. or so, it is wise to convert 
first to 500 or 600 ke. and then convert to the 
3.9-Mc. band, to avoid the image that would 
almost surely result if the conversion from 30 
to 3900 ke. were made without the intermediate 
step. When a filter at 500 kc. is used, only one 
conversion is necessary to operate in the 3.9-Mc. 
band, but 14-Mce. and higher-frequency operation 
would require at least two conversions to hold 
down the images (and local-oscillator signals if 
balanced mixers aren’t used) and make them easy 
to eliminate. 

The choice of converter circuit depends largely 
on the frequencies involved and the impedance 
level. At low frequencies (up to 500 ke.) and low 
impedances, rectifier-type balanced modulators 
are often used for mixers, because the balanced 
modulator does not show the local-oscillator fre- 
quency in its output and one source of spurious 
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Fig. 11-4—One type of balanced-modulator circuit that can be used with a mechanical 

filter (Collins F455-31 or F500-31 series) in the i.f. range. The filters are furnished in 

various types of mountings, and the values of C; and C2 will depend upon the type of 
filter selected. 

T; —Plate-to-push-pull grids audio transformer. 


signal is minimized. At high impedance levels, 
and at the higher frequencies, vacuum tubes are 
generally used, in straight converter or balanced- 
modulator circuits, depending upon the need for 
minimizing the local-oscillator frequency in the 
output. 

Low-frequency sideband filters in the 30- to 
50-ke. range are usually low-impedance devices, 
and rectifier-type balanced modulators are com- 
mon practice. Sideband filters in the i.f. range 
are higher-impedance circuits and vacuum-tube 
balanced modulators are the rule in this case. 
An example of one that can be used with the 
high-impedance (15,000 ohms) mechanical filter 
is shown in Fig. 11-4. The filter can be followed 
by a converter or amplifier tube, depending upon 
the signal level. Some models of the mechanical 
filters have a 23-db. insertion loss, while others 
have only 10. 

Crystal-lattice filters are also used to reject 
the unwanted sideband. These filters can be 
made from crystals in the i.f. range — many of 
these are still available from stores selling mili- 
tary surplus. A popular configuration is the 
“cascaded half lattice” shown in Fig. 11-5. 
The crystals used in this filter can be obtained at 
frequencies in the i.f. range, and ones that are 
within the ranges of the modified i.f. transformers 
will be satisfactory. Two 100-uuf. capacitors are 
connected across the secondary winding of two of 
the transformers to give push-pull output. The 
crystals should be obtained in pairs 1.8 ke. apart. 
The i.f. transformers can be either capacitor- 
tuned as shown, or they can be slug-tuned. 


FROM 
BALANCED 
MODULATOR 


A variable-frequency signal generator of some 
kind is required for alignment of the filter, but 
this can be nothing more elaborate than a 
shielded b.f.o. unit. The signal should be intro- 
duced at the balanced modulator, and an output 
indicator connected to the plate circuit of the 
vacuum tube following the filter. With the crys- 
tals out of the circuit, the transformers can be 
brought close to frequency by plugging in small 
capacitors (10 to 25 yuf.) in one crystal socket 
in each stage and then tuning the transformers 
for peak output at one of the two crystal fre- 
quencies. The small capacitors can then be re- 
moved and the crystals replaced in their sockets. 

Tuning the signal source slowly across the 
pass band of the filter and watching the output 
indicator will show the selectivity characteristic 
of the filter. The objective is a fairly flat response 
for about two ke. and a rapid drop-off outside 
this range. It will be found that small changes in 
the tuning of the transformers will change the 
shape of the selectivity characteristic, so it is 
wise to make a small adjustment of one trimmer, 
swing the frequency across the band, and observe 
the characteristic. After a little experimenting 
it will be found which way the trimmers must be 
moved to compensate for the peaks that will 
rise when the filter is out of adjustment. 

The (suppressed) carrier frequency must be 
adjusted so that it falls properly on the slope of 
the filter characteristic. If it is too close to the 
filter mid-frequency the sideband rejection will 
be poor; if it is too far away there will be a lack 
of “lows” in the signal. 
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Fig. 11-5—A cascaded half-lattice crystal filter that can be used for sideband 

selection. The crystals are surplus type of FT-243A holders. Y1 and Y3 should be the 

same frequency and Y2 and Y4 should be 1.8 kc. higher. 11, Tz, T3—450-kc. i.f. 
transformers. 
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A Sideband Exciter 


A Phased Single-Sideband Exciter 


The sideband generator shown in Figs. 11-6 
and 11-8 uses the phasing principle outlined 
earlier (Fig. 11-3B) to produce an upper or lower 
single-sideband signal. It will also generate a 
double-sideband signal, with or without carrier. 
The generator features the new beam-deflection 
7360 tube in the balanced modulator portion of 
the circuit, and it is complete (with power 
supply) except for the frequency-controlling 
source. A watt or two of rf. from a v.f.o. or 
crystal-controlled oscillator is sufficient for the unit. 

Referring to the circuit diagram in Fig. 11-7, 
a 12AT7 twin triode serves as the speech ampli- 
fier. An audio phase-shift network (Barker & 
Williamson Model 350 2Q4) plugs in the octal 
socket Jo. This preadjusted network has the 
property of delivering two audio signals differing 
in phase by 90 degrees + 1.5 degrees over the 
range 300 to 3000 cycles. The audio network is 
protected against low- and high-frequency com- 
ponents outside this range by the coupling-capaci- 
tance values and the low-pass filter CyiCoLlyLe. 
The two audio signals from the network are 
equalized by the PHASE control and amplified by 
Voa and Vox and applied to the deflection plates 
of the 7360 balanced modulators. The r.f. intro- 
duced at J4 is split and shifted + and —45 de- 
grees in the r.f. phase-shift network to give a net 
difference of 90 degrees. 


The output of the balanced modulators is 
amplified by a Class-A 6CL6, which has sufficient 
output to drive two or three 6146s in Class AB. 
The tube complement and power supply shown 
in the circuit diagram are such that the 6CL6 
can be overdriven on 75, 40 and 20 meters (but 
Class-A operation demands that the tube never 
be driven into grid current). On 15 and 10 
meters this reserve gain is lacking, and conse- 
quently inductor and phase-shift values for these 
bands are not given. 

For ease of adjustment the grid, screen and 
plate currents of the 6CL6 can be measured, by 
proper settings of S,4. Further, the input and 
output r.f. voltages can be metered, for con- 
venience in setting the excitation and the output 
tuning. 

To simplify the construction and adjustment, 
plug-in coils and r.f. phase-shift networks are 
used (Fig. 11-9). The r.f. network is made up of 
100-ohm resistors and suitable capacitors (100- 
ohms reactance at the operating frequency); 
once adjusted it will hold sufficiently over an 
amateur band. 

The mode switch, S;, shifts from one sideband 


output to another by shifting the deflection plate 


to which the audio is applied in one of the bal- 
anced modulators. A third position of the switch 
disables one of the balanced modulators, re- 


Fig. 11-6—This phasing-type single (and double) sideband generator features the 7360 beam-deflection tube in the 
balanced-modulator section.. The 6CL6 output amplifier (behind meter) delivers sufficient output to drive one or more 
6146 amplifier tubes in Class AB;. Plug-in coils are used to simplify construction. 

The r.f. phase-shift network (coil form at extreme left, with two capacitor shafts visible) is plug-in for each band. 
The audio phase-shift network (B & W Type 2Q4 No. 350) is housed in the tube envelope in front of the audio trans- 
former at rear left. The unshielded tube at rear center is a voltage-regulator tube; two black knobs in front of the VR 
tube are on the carrier balance controls. 

Toggle switches on the panel, left to right, are transmit-receive, power and spotting (carrier insert). Two knobs at left, 
above the microphone jack, turn the mode (lower) and the tune-operate switches. Knob under the meter is on the 5-position 
meter switch. 


307 


11—SIDEBAND 


AUDIO 
SPEECH AMPLIFIER AMPLIFIER 
0068 12AT7 pea) 
J 0068 
pts > ; 
rs? | tm. fi BALANCE 
L, 270 
2 + 8 T, SLACK PHASE 
MIC. 5 
cal ae 47K 
450V. fob hs 


YELLOW 
La 


BROWN 
33K 


Sin 
U 
sto-|}— © 
O'Sipoae 

47K 10K 


10H. 
10 ma. 
L 
RECTIFIER € 
+I joomf. 
an 450V. 5K 
2w 
6 0+150 
8 OA2/VRI50 
at 6CLE eet) 
2 12ATT 7360 
5Y3-GT ele ol 2 
YN 4 Sr 4 5 ve 
‘4 ' , 
« Xe I 
6.3V. BE: fs By U 
CR, 10K 220K 
2200 
lowt. BIAS 


o-3 


48 350V. 10K 
Y BIAS 


MEASURE 
2200 me 


TRANS.O 
re 


Fig. 11-7—Schematic diagram of the sideband generator. Unless specified otherwise, resistors are 2 watt, .O1- and 
.002-uf. capacitors are disk ceramic, 600 volts; .1- and .2-uf. capacitors are tubular paper, 400 volts; capacitors 
marked with polarities are electrolytic. 


O 
REMOTE 


Ci, C2—0.1-uf. 200-v. paper = 10 per cent (Sprague 
2TM-P1). 

C3—Dual 100-uyf. variable (Hammarlund HFD-100). 

C4—15-upf. variable (Hammarlund MAPC-15). 

Cs—100-yuuf. variable (Hammarlund APC-100B). 

C6—100-upyf. variable (Hammarlund HFA-100A). 

C7—Dual 365-uyf. variable, stators in parallel (broad- 
cast replacement type). 

Cs, Cio—See coil table. 

Co, C11—32-upf. variable (Johnson 30M8 160-130). 

CRi—360 p.i.v. 200-ma. silicon (Sarkes-Tarzian K-200). 

l1i—6.3-v. panel light. 

Ja—Microphone connector (Amphenol 75-PC1M). 

Je—Octal tube socket, for phase-shift network. 


sulting in double-sideband output from the gen- 
erator. A spotting switch, Se, is used to momen- 
tarily unbalance a balanced modulator and allow 
r.f. to feed through in an amount sufficient to be 
heard in the receiver. The amount of unbalance 
is determined by the setting of the spoT LEVEL 
resistor. A second circuit of Se is available to 
turn on the external oscillator at the same time. 
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Js, Js—Coaxial-plug receptacle (SO-239). 

Li, Le—4-30 mh. slug-tuned coil (Miller 6315) adjusted 
to 25 mh. See text. 

Ls, La, Ls—See coil table. 

Ls—10-henry 110-ma. filter choke (Knight 62G139). 

Pi—Fuse plug. 

Si—3-pole 3-position rotary switch. 

S2—D.p.d.t. toggle. 

S$3—Single-pole 2-position non-shorting rotary switch. 

S:—Two-pole 5-position rotary switch, non-shorting. 

Ss, Se—S.p.s.t. toggle. 

T:—20,000-to-600 ohms tube-to-line transformer (Thor- 
darson 22S91). 

T2 —520 v.c.t. at 90 ma., 5 v., 6.3 v. (Knight 61G412). 


The TUNE-OPERATE switch, S3, is used to ground 
the 6CL6 screen during tune-up procedures. 

The power supply includes a bias supply for 
the 6CL6 amplifier stage. When switch S¢ is 
closed, normal operating bias is applied to the 
6CL6, but when it is opened the bias will rise to 
the power-supply level and reduce the 6CL6 
plate current to zero. This is useful if the 6CL6 
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generates ‘‘diode noise” on standby that is 
audible in the receiver. REMOTH connections 
allow the same bias to be applied to a following 
amplifier during standby, or they can be used to 
open and close the circuit normally controlled 
by S¢. 


Construction 


The physical arrangement of the major com-. 


ponents is shown in Figs. 11-6 and 11-8. The 
generator is built on an 8 X 17 X 3-inch alumi- 
num chassis, with a 7-inch high relay rack panel 
held to it by the components along the bottom 
front. Millen 80008 214-inch diameter aluminum 
shields are used at the sockets for L4, Ls and the 
r.f. phase-shift network. A minor departure from 
convention is the location of the AUDIO GAIN 
control on the chassis instead of the front panel, 
but the control is used so seldom that the location 
is justified. 
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2200 


+150 +200 


S% MICA 


TO V.FO. 
CONTROL 


No special considerations are required in wiring 
the audio section other than the usual precau- 
tions against hum pickup. Before installing Ly 
and Le they should be set to their correct value 
of 25 mh. An impedance bridge or Q meter can 
be used for the purpose, if available. If not, they 
can be set with an audio oscillator and .v.t.v.m. 
(or oscilloscope). Connect an inductor in parallel 
with one of the 0.1-yf. capacitors, and connect the 
combination to the audio oscillator output 
through a high resistance (100K or so). Connect 
the v.t.v.m. (or ’scope) across the parallel tuned 
circuit, and adjust the inductor for maximum 
voltage across the combination when the audio 
oscillator is set at 3200 cycles. Repeat for the 
other inductor and capacitor, and do not change 
the slug settings again. The filter will have a 
cut-off frequency of 3200 cycles. 

R.f. wiring should be made short and direct 
wherever possible. Input and output are run to 
jacks J3 and J4 in RG-58/U coaxial cable. Try to 
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maintain symmetry of leads in the balanced- 
modulator portion of the circuit. 

Coil and r.f. phase-shift network dimensions 
are given in the coil table. Ls is a manufactured 
product used as is; 44 and Ls are made from coil 
stock and mounted inside the polystyrene plug-in 
coil forms. The Ls form also carries padding 
capacitors for Cz (these aren’t shown in Fig. 11-7). 
A 39-uuf. padder for Cg, used only on 75 meters, 
can be connected to a spare pin on the socket for 
Ls, with the other capacitor terminal connected to 
the chassis. A jumper in the 75-meter Ls will then 
connect the padder across C.. 

By cutting a small notch in each side of the 
coil form, the two trimmer capacitors Cg and Ci, 
can be mounted side by side in the coil form. 
Since the rotor terminals of Cg and Cy, would 
normally touch each other when the two capaci- 
tors are in place, each terminal must be snipped 
off close to the ceramic. A piece of tinned wire 
is then soldered to the remaining portion of the 
terminal and led across the ceramic and up 
through the hole that will be farther from the 
other trimmer capacitor when the two are in 
place. The connections to C's, Cio and the two 
100-ohm 1-watt (composition, not wirewound) 
resistors must be made before the wires are 
snaked through the coil-form pins and soldered. 
Before soldering to the coil-form pins, the lengths 
of leads to the stators of Cg and Cy; can be meas- 
ured and soldered. The leads to the rotors from 
the coil-form pins are long leads that are led up 
from the pins through the holes in the ceramic 
end supports. When these long leads have been 
soldered to the leads from the rotors they will 
serve to hold Cg and Cy in place. Any surplus 
length should be snipped off. See Fig. 11-9. 
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When soldering to the pins of the polystyrene 
coil forms, hold the pin in pliers or a vise, to 
prevent heat from reaching the polystyrene. 


Adjustment 


An audio oscillator or other source of low- 
distortion single-tone audio is a necessity in the 
preliminary adjustment of the sideband genera- 
tor. An oscilloscope is also very useful, but it is 
possible to adjust the generator with only the 
source of single-tone a.f., a selective receiver and 
a v.t.v.m. The basic arrangement for aligning 
the sideband generator, or any sideband genera- 
tor using the phasing method, is shown in Fig. 
11-10. 

To align the generator just described, connect 
an audio oscillator to the microphone jack, J/1, 
through an attenuator as shown in Fig. 11-10. 
Open the 500K aupio GAIN control in the gen- 
erator about half way and apply a 1000-cycle 
audio tone. Adjust the input level for approxi- 
mately 1 volt a.c. at the plates of Vea and Vp, 
with the 500-ohm BALANCE control set at half 
resistance. It will be found that the PHASE con- 
trol will be offset under these conditions; this is 
perfectly natural since the attenuations through 
the two channels of the audio phase-shift net- 
work are not equal. If a good oscilloscope is avail- 
able (identical phase shifts through vertical and 
horizontal amplifiers), the outputs from Vea and 
Von should give a circle on the scope face when 
the vertical and horizontal gains are equalized. 

Apply r.f. from the v.f.o. or crystal-controlled 
oscillator at J4, and increase its amplitude until 
the meter shows full scale with S, turned full 
clockwise. A full-scale reading will be close to 10 
volts r.m.s. at the No. 3 pins of the 7360 balanced- 


Fig. 11-8—View underneath the chassis of the sideband generator. Tuning capacitors are mounted close under the 
sockets for the associated plug-in coils. At rear of the chassis (bottom in this view), two terminals are used for bias meas- 
urement, and the 4-terminal barrier strip is for making connection to remote control and v.f.o. on-off circuits. Two inductors, 
part of the low-pass audio filter that protects the audio phase-shift network, 
are mounted near the r.f. input jack (lower left). 
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A Sideband Exciter 


Fig. 11-9—Plug-in coils and 
r.f. phase-shift networks for 
the sideband generator. Out- 
put tank coils (right) include 
additional padding capaci- 
tor for C7, as given in the 
coil table. Polystyrene coil 
forms are 4-pin (Allied 
Radio 24-4P) and 5-pin 
(Allied Radio 24-BP). 


modulator tubes. With S3 in the TUNE position, 
and 4 switched to read the grid current of the 
6CL6, it should be possible to tune C3 and Cs; and 
get an indication of grid current. Turn off the 
generator by pulling the line plug and tempo- 
rarily open one side of the 10-ohm resistor in the 
plate-voltage lead to the 6CL6. The 6CL6 stage 
can now be neutralized, using for an indicator a 
receiver connected to the output jack J3. Use 
a length of coaxial cable from J/3 to the receiver, 
and install an attenuator network at the receiver 
antenna terminals, as shown in Fig. 11-10. Adjust 
the neutralizing capacitor for minimum signal at 
the receiver, with all circuits resonated, S3 on 
TUNES, and the signal backed off below the grid- 
current level. ; 

Turn off the power, reconnect the 10-ohm re- 
sistor, and connect a dummy load to the output 
of the sideband generator. Couple the scope and/ 
or receiver to the dummy load or Ls, as shown in 
Fig. 11-10. When connecting to an oscilloscope, 


a tuned circuit is required, and the r.f. voltage 
developed across the tuned circuit is applied 
directly to the vertical deflection plates. The re-_ 
ceiver is connected by coupling loosely through a 
loop and length of shielded cable; when further 
attenuation is required it is obtained through the 
use of resistors at the receiver input terminals. 
With the oscillator running, tune the balanced 
modulator and 6CL6 circuits for maximum out- 
put — this resonates these circuits. Next adjust 
the 5K BALANCE potentiometers for minimum 
output. Then introduce a single audio tone of 
around 1000 cycles at the microphone terminal. 
Here again it may be necessary to use a resistance 
voltage divider to hold the signal down and pre- 
vent overload. Advance the gain control and 
look at or listen to the output signal from the 
6CL6. It is most likely to be a heavily modulated 
signal. Try various settings of Cy and Cy; until 
the modulation is minimized, and experiment as 
well with slight touches on the BALANCE and 


Sideband Generator Coil Table 


Band Le Dg 


(meters) 


Ls Cr pad*** 


474%. No. 24, 32't.p.1., 
114 diam. ; 3 turn link 
(B & W 80 MCL) 


41 turns* 


27 turns* 


DON O22) LOnue les 
1% diam.; 3 turnlink 
(B & W 40 MCL) 


20 turns* 


19 turns* 


13 t. No. 18, 8t.p.i., 
114 diam.; 2 turnlink 
(B & W 10 MCL) 


17 turns** 


16 turns** 270 up. 


* 32 t.p.i. No. 24, 1 inch diam. (B & W 3016 Miniductor). 
** 16 t.p.i. No. 20, 34 inch diam. (B & W 3011 Miniductor). 


*** Silver mica, + 5 per cent tolerance. 
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Fig. 11-10—Fundamental arrangement for using an oscilloscope and/or receiver when testing an s.s.b. exciter or trans- 
mitter. An audio oscillator is required to furnish the audio signal, and its output is best controlled by the externa! control 
R;; The audio volume control in the s.s.b. exciter should not be turned on too far, or it should be set at the normal position 
if you know that position, and all volume controlling should then be done with Ri and the output attenuator of the audio 
oscillator. This will reduce the chances of overloading the audio and other amplifier stages in the exciter, a common 
cause of distortion. 

The oscilloscope is coupled to the dummy load through a loop, length of coaxial line, and an L-C circuit tuned to the 
operating frequency. It is necessary to go directly to the vertical deflection plates of the oscilloscope rather than through 
the vertical amplifier. 

The receiver is coupled to the dummy load through a loop and a length of shielded line. If too much signal is obtained 
this way, an attenuator, R2R3, can be added to the input terminals of the receiver. Small values of Re and large values of 

Rz give the most attenuation: in some cases Re might be merely a few inches of solid wire. 


PHASE controls. S2 should be in the OPERATE posi- 
tions during these adjustments. With the v.t.v.m. 
check the r.f. voltages at the No. 3 pins of the 
7360s — they should be the same within a few 
per cent. If not, they can be brought into this 
condition by readjustment of C9 and Cy, consist- 
ent with minimum modulation on the output 
signal. 

The s.s.b. signal with single-tone audio input 
is a steady unmodulated signal. While it may not 
be possible to eliminate the modulation entirely, 
it will be possible to get it down to a satisfactorily 
low level. Conditions that will prevent this are 
improper r.f. phasing, lack of carrier balance 
(suppression), distortion in the audio signal (at 
the source or through overload in the speech 
amplifier), and lack of audio balance at the 
12AT7 audio amplifier. Of these, the r.f. phasing 
and the audio balance are perhaps the most 
critical. 

A final check on the signal can be made with 
the receiver in its most selective condition. The 
spectrum testing described below cannot be done 


with a broad receiver. Examining the spectrum 
near the signal, the side signals other than the 
main one (carrier, unwanted sidebands, and side- 
bands from audio harmonics) should be at least 
30 db. down from the desired signal. This check- 
ing can be done with the S-meter and the a.g.c. 
on — in the earlier tests the a.g.c. should be off 
but the r.f. gain reduced low enough to avoid 
receiver overload. 

Examples of the proper and improper scope 
patterns are shown in Fig. 11-11. 

The bias potentiometer for the 6CL6 amplifier 
should be set initially for a bias of about —3 
volts, which should correspond to plate and screen 
currents of about 30 and 7 ma., respectively. 
Under maximum-signal conditions, just short of 
running into grid current, the plate current will 
kick up slightly. The best indicator of proper 
modulation level is the output meter. 

(For an extensive treatment of the alignment 
of commercial phasing-type s.s.b. exciters, see 
Ehrlich, ““How to Adjust Ph.sing-Type 8.S.B. 
Exciters,” QS7T, November, 1956.) 
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Fig. 11-1 1—Sketches of the oscilloscope face showing different conditions of adjustment of the exciter unit. (A) shows 

the substantially clean carrier obtained when all adjustments are at optimum and a sine-wave signal is fed to the audio 

input. (B) shows improper r.f. phase and unbalance between the outputs of the two balanced modulators. (C) shows 

improper r.f. phasing but outputs of the two balanced modulators equal. (D) shows proper r.f. phasing but unbalance 
between outputs of two balanced modulators. 
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Amplification 


Amplification of S.S.B. Signals 


When an s.s.b. signal is generated at some fre- 
quency other than the operating frequency, it is 
necessary to change frequency by heterodyne 
methods. These are exactly the same as those 
used in receivers, and any of the normal mixer 
or converter circuits can be used. One exception 
to this is the case where the heterodyning oscil- 
lator frequency is close to the desired output 
frequency. In this case, a balanced mixer should 
be used, to eliminate the heterodyning oscillator 
frequency in the output. 

To increase the power level of an s.s.b. signal, 
a linear amplifier must be used. A linear amplifier 
is one that operates with low distortion, and the 
low distortion is obtained by the proper choice of 
tube and operating conditions. Physically there 
is little or no difference between a linear amplifier 
and any other type of r.f. amplifier stage. The 
circuit diagram of a tetrode r.f. amplifier is shown 
in Fig. 11-12; it is no different basically than the 
similar ones in Chapter Six. The practical differ- 
ences can be found in the supply voltages for the 
tube and their special requirements. The proper 
voltages for a number of suitable tubes can be 
found in Table 11-I; filament-type tubes will re- 
quire the addition of the filament bypass capaci- 
tors Cg and Cyo and the completion of the fila- 
ment circuit by grounding the filament-trans- 
former center tap. The grid bias, #1, is furnished 
through an r.f. choke, although a resistor can be 
used if the tube is operated in Class AB; (no 
grid current). The screen voltage, KH», must be 
supplied from a ‘“‘stiff’’ source (little or no voltage 
change with current change) which eliminates the 
use of a dropping resistor from the plate supply 
unless a voltage-regulator tube is used to stabilize 
the screen voltage. 

Any r.f. amplifier circuit can be adapted to 
linear operation through the proper choice of 
operating conditions. For example, the circuit in 
Fig. 11-12 can be modified by the use of different 
input and/or output coupling circuits, or by the 


Fig. 11-1 2—Circuit diagram of a tetrode linear ampli- 
fier using link-coupled input tuning and pi network 
output coupling. The grid, screen and plate voltages 
(E1, Ez and E3) are given in Table 11-1 for a number 
of tubes. Although the circuit is shown for an indirectly- 
heated cathode tube, the only change required when 
a filament type tube is used is the addition of the 
filament bypass capacitors C9 and Cio. 

Minimum voltage ratings for the capacitors are 

given in terms of the power supply voltages. 


Ci—Grid tuning capacitor, 36}. 

Ce—Nevutralizing capacitor, 2E3. 

C3—Grid-circuit bypass capacitor, part of neutralizing 
circuit, 3E,. 

C,—Plate tuning capacitor, 1.5E3. 

C;—Output loading capacitor. 0.015 spacing for kilowatt 
peak. 

Cs—Plate coupling capacitor, 2E3. 

C7—Screen bypass capacitor, 2E2. 


use of another neutralizing scheme, and the re- 
sultant amplifier will still be linear if the proper 
operating conditions are observed. A triode or 
pentode amplifier circuit will differ in detail; 
typical circuits can be found in Chapter Six. 

The simplest form of linear amplifier is the 
Class A amplifier, which is used almost with- 
out exception throughout receivers and low-level 
speech equipment. (See Chapter Three for an 
explanation of the classes of amplifier operation.) 
While its linearity can be made relatively good, 
it is inefficient. The theoretical limit of efficiency 
is 50 per cent, and most practical amplifiers run 
25-35 per cent efficient at full output. At low 
levels this is not worth worrying about, but when 
the 2- to 10-watt level is exceeded something 
else must be done to improve this efficiency and 
reduce tube, power-supply and operating costs. 

Class AB; amplifiers make excellent linear am- 
plifiers if suitable tubes are selected. Primary ad- 
vantages of Class AB; amplifiers are that they 
give much greater output than straight Class A 
amplifiers using the same tubes, and they do not 
require any grid driving power (no grid current 
drawn at any time). Although triodes can be used 
for Class AB; operation, tetrodes or pentodes are 
usually to be preferred, since Class AB, operation 
requires high peak plate current without grid 
current, and this is easier to obtain in tetrodes 
and pentodes than in most triodes. 

To obtain maximum output from tetrodes, 
pentodes and most triodes, it is necessary to op- 
erate them in Class ABg. Although this produces 
maximum peak output, it increases the driving- 
power requirements and, what is more important, 
requires that the driver regulation (ability to 
maintain wave form under varying load) be good 
or excellent. The usual method to improve the 
driver regulation is to connect a fixed resistor, 
R, across the grid circuit of the driven stage, to 
offer a load to the driver that is modified only 
slightly by the additional load of the tube when 


Lo 
OUT 
ep Ce 
be = 
' ‘ 
iS , 
Cg Cio 
T, 


Cs—H.v. bypass capacitor, 2Es. 

Co, Cio —Filament bypass capacitor. 

Li—Grid inductor. 

Lo—Plate inductor. 

Ri—Grid circuit swamping resistor, required for ABz. 
See text. 

RFC; —Grid-circuit r.f. choke. 

RFC2—Plate r.f. choke. 

T; —Filament transformer. 


313 


“W098 
*piuB sossaiddns ‘A G74 , 


‘sanod yBnolyj-pacj pun ‘uoypdissip pii6 ‘sso; spiq sepnjouy , 
*41N2412 plsB-papuNnald 


oO 
Oo 
Oo 
.") 
L 
L 
L 
t 
i?) Lo) 
.¢) oO 
.e) Oo 
OQ Oo 
Oo 
te) 
oO 


L 
z 
" 


*JDUBIS jSa4 QUOJ-OMy YM JID SEsayjusIOd U! SONIDA » 


"@N|ODA ajouxosddy , 


*jpuBIs a210A ‘sBuijos 40144D9-passaiddns pupgepis-ajBuis ; 
*jUasIN2 ajnj/d jDUBis-e4az pojojs @AlB o4 ysnlpy 


(GL) $°Z 
r(0°Z) $°6 
(GS) Zk 
(S°€) Sl 


lf aOnNv\Cooo 


ccoo || i |/I 11 
ANN 


VOOOLX DP 


tLi-1d 


O08S9-1d 


69S9-1d 


VOSt-y 


VOSLX¥ 
/ve0Z 


mOo!\O\|O 
= N 


S38 
88 
£6 


Se 
ve 


os 
os 


Colo O|NaAN 


el 
vl 


° 


‘14 


Ol 


gece 


VSTL-v 


jndino uoypdissig | uolypdissig | uoyodissig JaMod quaainy aBoJOA quasins juauns 


1amMod [Njasp | aid ‘BAY Pu u9e125 BuiaAg | PD ‘Dd PUS 


U3919g *D'q |U9219S *D°G | APld “D'G 
*Bis--xDpw paiwy-"xow | peipy-"xow | ‘Bis--xow ‘Bis: xDW |°4°y APed | “Bis--xpw | ‘Bis-o107 *Bis-"xow 


*sainBij ayy asMas2UI [JIM SBSsOj 41NI419—AjUO Sasso] aqny yUasasdas Siamod Buialig 


‘aqny auo 103 ap UdAIB sanj|DA 


juadny juawny 


*wo1jD4ad0 OIpND 41043 


aBojoA aBojjoA 


B4Pid “D'd | P!##D -3'd UVe49S 
*Big-01907 


$401Ny2DjsnUuDW 24D sBuljo4s 


GNV9IGIS JTIONIS YOd VLVG NOILVAIdO-FGNL AAIdWV-AYVINIT — I-il AIWVL 


4 


aBoIJOA 
31Pld 


Pajou asimsayjo asayM jyda2xq 


4 


1 


3 


Amplification of S.S.B. Signals 


it is driven into the grid-current region. This in- 
creases the driver’s output-power requirements. 
Further, it is desirable to make the grid circuit 
of the Class AB» stage a high-C circuit, to im- 
prove regulation and simplify coupling to the 
driver. A ‘‘stiff’’ bias source is also required, 
since it is important that the bias remain con- 
stant, whether or not grid current is drawn. 

Class B amplifiers are theoretically capable of 
78.5 per cent efficiency at full output, and practi- 
cal amplifiers run at 60-70 per cent efficiency at 
full output. Triodes normally designed for Class 
B audio work can be used in r.f. linear amplifiers 
and will:operate at the same power rating and 
efficiency provided, of course, that the tube is 
capable of operation at the radio frequency. The 
operating conditions for r.f. are substantially the 
same as for audio work — the only difference is 
that the input and output transformers are re- 
placed by suitable r.f. tank circuits. Further, in 
r.f. circuits it is readily possible to operate only 
one tube if only half the power is wanted — push- 
pull is not a necessity in Class B r.f. work. 
However, the r.f. harmonics may be higher in 
the case of the single-ended amplifier, and this 
should be taken into consideration if TVI is a 
problem. 

For proper operation of Class ABg and B am- 
plifiers, and to reduce harmonics and _ facilitate 
coupling, the input and output circuits should 
not have a low C-to-L ratio. A good guide to the 
proper size of tuning capacitor will be found in 
Chapter Six; in case of any doubt, it is well to be 
on the high-capacitance side. When zero-bias 
tubes are used, 1t may not be necessary to add 
much “swamping’’ resistance across the grid 
circuit, because the grids of the tubes load the 
circuit at all times. However, in ABe operation, 
the swamping resistor should be such that it dis- 
sipates from five to ten times the power required 
by the grids of the tubes, insuring an almost con- 
stant load on the driver stage and good regula- 
tion of the r.f. grid voltage. In turn this means 
that at least five to ten times more driving power 
will be required than is indicated in Table 11-I. 
Where an excess of driving power is available, it 
is generally better to increase the loading (de- 
crease the resistance of the swamping resistor) to 
the point where the maximum available driver 
power is utilized on peaks. 

Before going into detail on the adjustment and 
loading of the linear amplifier, a few general con- 
siderations should be kept in mind. If proper 
operation is expected, it is essential that the 
amplifier be so constructed, wired and neutral- 
ized that no trace of regeneration or parasitic 
instability remains. Needless to say, this also ap- 
plies to the stages ahead of it. 

The bias supply to the Class ABz or B linear 
amplifier should be quite stiff, such as batteries 
or some form of voltage regulator. If nonlinearity 
is noticed when testing the unit, the bias supply 
may be checked by means of a large electrolytic 
capacitor. Simply shunt the supply with 100 uf. 
or so of capacity and see if the linearity improves. 
If so, rebuild the bias supply for better regula- 


tion. Do not rely on a large capacitor alone. 

Where tetrodes or pentodes are used, the screen 
supply should have good regulation and _ its 
voltage should remain constant under the varying 
current demands. If the maximum screen current 
does not exceed 30 or 35 ma., a string of VR tubes 
in series can be used to regulate the screen voltage. 
If the current demand is higher, it may be neces- 
sary to use an electronically regulated power 
supply or a heavily bled power supply with a 
current capacity of several times the current 
demand of the screen circuit. 

Where VR tubes are used to regulate the 
screen supply, they should be selected to give a 
regulated voltage as close as possible to the tube’s 
rated voltage, but it does not have to be exact. 
Minor differences in idling plate current can be 
made up by readjusting the grid bias. 

The plate voltage applied to the linear ampli- 
fier should be held as constant as possible under 
the varying current-demand conditions. This con- 
dition can be met by using low-resistance trans- 
formers and inductors and by using a large value 
of output capacitor in the power-supply filter. 
An output capacitor value three or four times the 
minimum required for normal filtering (Chap- 
ter Seven) is reasonable. Although some slight 
improvement can be obtained by using still 
higher values of output capacitance, the problem 
of turning on the supply without blowing fuses 
(from the initial surge) starts to become signifi- 
cant. 

One should bear in mind that the same ampli- 
fier can be operated in several classes of operation 
by merely changing the operating conditions 
(bias, loading, drive, screen voltage, etc.). How- 
ever, when the power sensitivity of an amplifier 
is increased, as by changing the operation from 
Class ABs to Class AB, the stability require- 
ments for the amplifier become stringent. 

From the standpoint of ease of adjustment and 
availability of proper operating voltages, a linear 
amplifier with Class AB, tetrodes or pentodes or 
one with zero-bias Class B triodes would be first 
choice. The Class B amplifier would require more 
driving power. (For examples of Class AB, tet- 
rode amplifiers, see Russ, “The ‘Little Fire- 
cracker’ Linear Amplifier,’ QST, Sept., 1953, 
Iickhardt, ‘‘The Single Side-Saddle Linear,’ 
QST, Nov., 1953, Wolfe and Romander, ‘A 4X- 
250B Linear,” QS7’, Nov., 1956, Muir, ‘‘Grounded- 
Grid Tetrode Kilowatt,” QS7, April, 1957, and 
Rinaudo, ‘Compact AB; Kilowatt,” QST, Nov., 
1957.) 

Table 11-I lists a few of the more popular tubes 
commonly used for s.s.b. linear-amplifier opera- 
tion. Except where otherwise noted, these ratings 
are those given by the manufacturer for audio 
work and as such are based on a sine-wave 
signal. These ratings are adequate ones for use in 
s.s.b. amplifier design, but they are conservative 
for such work and hence do not necessarily rep- 
resent the maximum powers that can be obtained 
from the tubes in voice-signal s.s.b. service. In no 
case should the average plate dissipation be ex- 
ceeded for any considerable length of time, but 
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the nature of a s.s.b. signal is such that the aver- 
age plate dissipation of the tube will run well 
below the peak plate dissipation. 

Getting the most out of a linear amplifier is 
done by increasing the peak power without ex- 
ceeding the average plate dissipation over any 
appreciable length of time. This can be done by 
raising the plate voltage or the peak current (or 
both), provided the tube can withstand the 
increase. However, the manufacturers have not 
released any data on such operation, and any ex- 
trapolation of the audio ratings is at the risk of 
the amateur. A 35- to 50-per cent increase above 
plate-voltage ratings should be perfectly safe in 


Grounded-Grid Amplifiers 


It is not necessary to use indirectly heated 
cathode type tubes in grounded-grid circuits, 
and filament-type tubes can be used just as effec- 
tively. However, it 1s necessary to raise the fila- 
ment above r.f. ground, and one way is shown in 
Fig. 11-13. Here filament chokes are used between 
the filament transformers and the tube socket. 
The inductance of the r.f. chokes does not have to 
be very high, and 5 to 10 wh. will usually suffice 
from 80 meters on down. The current-carrying 
capacities of the r.f. chokes must be adequate for 
the tube or tubes in use, and if the resistance of 
the chokes is too high the filament voltage at the 
tube socket may be too low and the tube life will 
be endangered. In such a case, a higher-voltage 
filament transformer can be used, with its prim- 
ary voltage cut down until the voltage at the tube 
socket is within the proper limits. 

Filament chokes can be wound on ceramic or 
wooden forms, using a wire size large enough to 
carry the filament current without undue heat- 
ing. Large cylindrical ceramic antenna insulators 
ean be used for the forms. If enameled wire is 
used, it should be spaced from half the diameter 
to the diameter of the wire; heavy string can be 
used for this purpose. The separate chokes indi- 
cated in Fig. 11-13 are not essential; the two 
windings can be wound in parallel. In this case 
it is not necessary to space all windings; the two 
parallel wires can be treated as one wire, winding 
them together with a single piece of string to 
space the turns. Enameled wire can be used be- 
cause the enamel is sufficient insulation to handle 
the filament voltage. 

When considerable power is available for driv- 
ing the grounded-grid stage, the matching be- 
tween driver stage and the amplifier is not too 
important. However, when the driving power is 


Adjustment 


One of the more important features of the 
linear amplifier is that the ordinary plate and 
grid meters are at best only a poor indicator of 
what is going on. As the meters bounce back and 
forth, even a person who is thoroughly familiar 
with this kind of amplifier would be hard put to 
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most cases. In a tetrode or pentode, the peak plate 
current can be boosted some by raising the screen 
voltage. 

When running a linear amplifier at considerably 
higher than the audio ratings, the ‘‘two-tone test 
signal’ (described later) should never be applied 
at full amplitude for more than a few seconds at 
any one time. The above statements about work- 
ing tubes above ratings apply only when a voice 
signal is used — a prolonged whistle or two-tone 
test signal may damage the tube. (For a method 
of adjusting amplifiers safely at high input, see 
Goodman, “‘Linear Amplifiers and Power Rat- 
ings,” QST, August, 1957.) 


With Filament-Type Tubes 


Fig. 11-13—When filament-type tubes are used in a 
grounded-grid circuit, it is necessary to use filament 
chokes to keep the filament above r.f. ground. In the 
portion of a typical circuit shown here, the filament chokes. 
RFC; and RFC2, can be a manufactured unit (e.g., B&W 
FC15 or FC30) or homemade as described in the text. 
Total plate and grid current can be read on a milliammeter 
inserted at x. 


marginal or when the driver and amplifier are to 
be connected by a long length of coaxial cable, a 
pi network matching circuit can be used in the 
input of the grounded-grid amplifier. The input 
impedance of a grounded-grid amplifier is in the 
range of 100 to 400 ohms, depending upon the 
tube or tubes and their operating conditions. 
When data for grounded-grid operation is avail- 
able (as for two tubes in Table 11-I), the input 
impedance can be computed from 


we (peak r.f. driving voltage) * 
_ 2 X driving power 


From this and the equations for a pi network, a 
suitable network can be devised. 


of Amplifiers 


sense whether the input power registered is 
attributable to (a) overdrive and underload, 
which yield distortion, splatter, TVI, etc., or (b) 
underdrive and too-heavy loading, resulting in 
inefficiency and loss of output. 

The simplest and best way to get the whole 


Adjustment of Amplifiers 


story is to make a linearity test; that is, to send 
through the amplifier a signal whose amplitude 
varies from zero up to the peak level in a certain 
known manner and then observe, by means of an 
oscilloscope, whether this same waveform comes 
out of the amplifier at maximum ratings. 


Test Equipment 


Even the simplest type of cathode-ray oscil- 
loscope can be used for linearity tests, so long as 
it has the regular internal sweep circuit. If this 
instrument is not already part of the regular sta- 
tion equipment, it might be well to purchase one 
of the several inexpensive kits now on the market, 
so that it will be on hand not only to make initial 
tests but also as a permanent monitor during 
all operation. Barring a purchase, it is recom- 
mended at least that a scope be borrowed to 
make the line-up checks, whereupon the regular 
plate and grid meters can serve thereafter to 
indicate roughly changes in operating conditions. 

All linearity tests require that the vertical 
plates of the scope be supplied with r.f. from 
the amplifier output. To avoid interaction within 
the instrument, it is usually best to connect di- 
rectly to the cathode-ray tube terminals at the 
back of the cabinet. A pick-up device and its con- 
nections to the oscilloscope are shown in Fig. 
11-10. Normally, the pick-up loop should be 
coupled to the dummy load, antenna tuner, or 
transmission line; i.e., to a point in the system be- 
yond where any tuning adjustments are to be 
made. 

The only other piece of test equipment will 
be an audio oscillator. Since only one frequency 
is needed, the simple circuit of Fig. 11-13 works 
quite well. Some equipment has a circuit similar 
to this one built right into the exciter audio 
system. 


11-14—Fixed-frequency audio oscillator having 
good output waveform. The frequency can be varied by 
changing the values of Ci and Co. 


Fig. 


Li—Small speaker output transformer, secondary not 
used. 


Two-Tone Test 


The two-tone test involves sending through 
the amplifier or the system a pair of r.f. signals 
of equal amplitude and a thousand cycles or so 
apart in frequency. The combined envelope of 
two such signals looks like two sine waves folded 
on one another. If this waveform comes out of 
the final, well and good; if not, there is work to 
do. 

There are two commonly used ways to generate 


the two-tone signal, and the choice of which to 
use depends on the particular type of exciter 
available. 

Method A — for Filter or Phasing Exciters: 

1) Turn up the carrier insertion until a carrier 
is obtained at about half the expected output 
amplitude. 

2) Connect an audio oscillator to the micro- 
phone input and advance audio gain until (when 
the carrier and the one sideband are equal) the 
scope pattern takes on the appearance of full 
modulation; i.e., the cusps just meet at the 
center line. See Fig. 11-15, photo No. 1. 

3) To change the drive through the system, 
increase or decrease the carrier and audio set- 
tings together, maintaining equality of the two 
signals. 


(2) 


Fig. 11-15—Correct Patterns. 1—Desired two-tone test 


pattern. 2—Desired double-trapezoid test pattern. 

3—Typical voice pattern in a correctly adjusted am- 

plifier, scope set for 30-cycle sweep. Note that peaks 
are clean and sharp. 
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Method B — for Phasing Exciters: 

1) Disable the audio input to one balanced 
modulator, by removing a tube or by tempo- 
rarily short-circuiting an audio transformer. 

2) Connect the audio oscillator and advance 
audio gain to get the desired drive. Note that 
with one balanced modulator cut out, the re- 
sultant signal will be double-sideband with no 
carrier, hence two equal r.f. signals. 


Double-Trapezoid Test 


When Method B can be used with phasing 
exciters, it is possible to derive a somewhat more 
informative pattern by making a connection 
from the exciter audio system to the horizontal 
signal input of the oscilloscope and using this 
audio signal, instead of the regular internal 
sweep, to cause the horizontal deflection. Those 
who are familiar with the regular trapezoid test 
for a.m. transmitters will recognize this set-up 
as being the same, except that instead of one 
trapezoid, this test produces two triangles point- 
ing toward each other. 

Each individual triangle is subject to the same 
analysis as the regular trapezoid pattern; 1.e., 
the sloping sides of the pattern should be straight 
lines for proper operation. Since jt is much easier 
to tell whether a line is straight or not than to 
judge the correctness of a sine curve, the double 
trapezoid has the advantage of being somewhat 
more positive and sensitive to slight departures 
from linearity than is the regular two-tone pat- 
tern. 

If the audio can be picked off at the plate of 
the audio modulator tube that is still working, 
the input signal need not be a pure sine wave; 
merely whistling or talking into the microphone 
should produce the appropriate pattern. If, be- 
cause of the exciter layout, it is necessary to pick 
up the audio signal ahead of the phase-shift 
network, it will then be necessary to use a good 
sine-wave audio oscillator as before. Also, with 
the latter set-up, the pattern will probably have 
a loopy appearance at first, and phase correction 
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Fig. 11-16—"'Phaser” circuit for the oscilloscope. 


wil be needed to make the figure close up. This 
can be done either by varying the audio fre- 
quency or by putting a phaser in series with the 
horizontal input to the scope, as shown in Fig. 
11-16. 


Ratings 


Before proceeding with linearity tests, it is 
well to have in mind the current and power 
levels to expect. A suppressed-carrier signal is 
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Fig. 11-17—When the two-tone test signal is used 
for checking the linearity of an amplifier, the peak cur- 
rent is higher than the current indicated by the plate 
meter. The ratio of these values depends upon the ratio 
of the idling (no-signal) current to the indicated current. 
The graph shows the relationship. 

1, =no-signal (idling) current, 

lac= meter reading with two-tone test signal, 

Ipk = actual peak current. 


exactly like an audio signal, except for its fre- 
quency, so the audio ratings for any tube are 
perfectly applicable for linear r.f. service where 
no carrier is involved. On the other hand, the 
ratings sometimes shown for Class B rf. tele- 
phony are not what is wanted, because they are 
for conventional a.m. transmission with carrier. 

If audio ratings are not given for the desired 
tube type, it will be safe to assume that the 
maximum-signal input for Class B or ABs serv- 
ice is about 10 per cent less than the key-down 
Class C c.w. conditions. The input will have to 
be held somewhat lower in Class AB, operation 
because the average efficiency is lower and, also, 
the tube can draw only a limited amount of cur- 
rent at zero grid voltage. 

The maximum-signal conditions determined 
from tube data correspond in s.s.b. work to the 
very peak of the r.f. envelope; when a two-tone 
test signal (or voice) is used, the plate milliam- 
meter does not indicate the peak plate current. 
The relationship between peak current and indi- 
cated current is variable with voice signals, but 
with the two-tone test signal applied there is a 
definite relationship between indicated (d.c.) 
current and peak current. This relationship is 
plotted in Fig. 11-17. Knowing the ratio of the 
idling current to the plate current with the two- 
tone test signal, Jo/Ipc, one can find the factor 
that can be applied to give the peak current. 
For example, an amplifier draws 50 ma. with no 
signal and 250 ma. (before flattening) with the 
two-tone test. signal. Jo/Ipc = 0.2, and 
Ipx/Ipo = 1.45, from Fig. 11-17. Thus Jp~ = 
1.45 X 250 = 363 ma. 

Should the resulting peak input (0.363 X 
plate voltage) be different than the design value 
for the particular amplifier tube, the drive and 
loading adjustments can be changed in the 
proper directions (always adjusting the loading 
so that the peaks of the envelope are on the 
verge of flattening) and the proper value reached. 


Adjustment of Amplifiers 


Using the Linearity Tests 


The photos (Figs. 11-15, 11-18 and 11-19) have 
been taken to show many of the typical patterns 
that may be encountered with either of the test 
arrangements described previously. They are 


classified separately as to those representing 


correct conditions (Fig. 11-15), faulty operation 
of the r.f. amplifier (Fig. 11-18), and various 
other patterns that look irregular but which 
really represent a peculiarity in the test set-up or 
the exciter but not in the final (Fig. 11-19). 
Aside from the problem of parasitics, which 
may or may not be a difficult one, it should be 
possible without much difficulty to achieve the 
correct linearity pattern by taking action as in- 
dicated by the captions accompanying the 
photos. It can then be assumed that the am- 
plifier is not contributing any distortion to the 
signal so long as the peak power level indicated 
by the test is not exceeded. It is entirely pos- 
sible, however, that good linearity will be ob- 
tained only by holding the power down to a 


(4) 


Fig. 11-18—Improper Amplifier 
Operation. 4— Overdrive, indicated 
by flattening of peaks. 5—Same as 
4, double-trapezoid test. 6—Too 
much bias, causing crossover to be- 
come pinched together rather than 
cutting straight across center line. 
7—Same as 6, double-trapezoid 


test. 8—Two-tone test with v.h.f. (5) 


parasitics. Note fuzzy halo or 
fringe. In milder cases the fuzziness 
will appear just at the peaks. 9— 
Two-tone test with fundamental 
frequency parasitics, accompanied 
by overdrive. 10—Severe over- 
drive and parasitics. 11—Voice 
pattern showing flattening of peaks 
due to overdrive. When flattening 
is apparent on the voice pattern, 
the case is a severe one. 


(7) 


level considerably below what is expected, or 
conversely that there will be signs of excessive 
plate dissipation at a level that the tubes should 
handle quite easily. In such cases, some atten- 
tion should be given to the plate loading, as 
discussed below. 

The several patterns of Fig. 11-20 show how 
loading affects the output and efficiency of a 
linear amplifier. In the first two, loading is rela- 
tively light and limiting takes place in the final 
plate circuit. Reserve power is still available in 
the driver, evidenced by the fact that heavier 
loading on the final allows the peak output to 
increase up to the optimum level of the third 
pattern. With still heavier loading the output 
ceases to increase but in fact drops somewhat; 
even though the input power goes up all the 
time, the efficiency goes down rapidly. In the 
last two patterns, the driver is the limiting 
element in the system, and the extra power- 
handling capability of the final, due to heavier 
loading, is wasted by inability of the driver to do 
it justice. . 


(8) 
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1) For good efficiency, the final itself must be 
the limiting element in the power-handling ca- 
pability of the system. 

2) If the final is not being driven to its limit, 
it should be loaded less heavily until such is the 
case. 

3) If the power level obtained above is less 
than should be expected, more driving power is 
needed. 

There are several ways to tell whether or not 
the final is being driven to its limit. One way is 
to advance the drive until peak limiting is ap- 
parent in the output, then move the oscilloscope 
coupling link over to the driver plate tank and 
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see whether or not the same limiting appears 
there. Another way is to decrease or increase the 
final loading slightly and note whether the limit- 
ing output level increases or decreases corre- 
spondingly. If it does not, the final is not con- 
trolling the system. Still another but similar 
method is to detune the final slightly while 
limiting is apparent, and if proper drive condi- 
tions prevail the pattern will improve when the 
amplifier plate is detuned. 

The intermediate and driver stages will follow 
the same laws, except that what is called “‘load- 
ing” on a final is often referred to as ‘“‘impedance 
matching”? when going between tubes. More 


(16) 


Fig. 11-19—Improper Test Setup. 
12—Two r.f. signals unequal. In 
Method A, caused by improper 
settings of either carrier or audio 
control. Method B, either carrier 
leakage through disabled modula- 
tor or unequal sidebands due to 
selective action of some high-Q 
circuit off resonance. 13—Same as 
12, double-trapezoid test (Method 
B). 14—Distorted audio. A clue to 
this defect is that successive waves 
are not identical. 15—Same dis- 
tortion as 14, but switched to 
double trapezoid test pattern. Note 
that correct pattern prevails re- 
gardless of poor audio signal. 1 6— 
Carrier leakage through working 
modulator (Method B only). 17— 
Same as 16, double trapezoid. 18 
—(Note tilt to left.) Caused by in- 
complete suppression of unwanted 
sideband (Method A) or by r.f. 
leakage into horizontal circuits of 
scope. 19—Double trapezoid with 
audio phase shift in test setup. 


(15) 
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Frequency Conversion 


(20) 


Fig. 11-20—Amplifier Loading Char- 
acteristics. Two-tone patterns taken at 
the output of a Class B linear amplifier 
with constant drive and successively 
heavier loading. Measured input pow- 
er: 20—90 watts; 21—135 watts; 
22—250 watts; 23—330 watts; 24— 
400 watts. 


often than not, an apparent lack of power trans- 
fer from a driver to its succeeding stage is due 
to a poor match. In Class ABg or B service, a 
step-down type of coupling is required between 
power stages, and a person accustomed to the 
conventional plate-to-grid coupling capacitor 
technique will be surprised to find how effective 
it is to tap the driven stage down on its tank — 
or otherwise to decouple the system. For ex- 
ample, an 807 driving a pair of 811s requires a 
voltage step-down of about 3 or 4 to 1 from 
plate to each grid. | 


Dummy Load 


For the sake of everyone concerned, linearity 
tests should be kept off the air as much as possi- 
ble. They make quite a racket and spurious 
signals are plentiful in earlier stages of misadjust- 
ment. Ordinary lamp bulbs make a fine dummy 
load so long as it is recognized that their im- 
pedance is not exactly the same as the antenna 
and that this impedance changes somewhat as 
the bulbs light up. These factors can be taken 
into account by making careful note of plate 
and grid currents after the transmitter has been 
adjusted and is operating with a linearity test 


(23) 


(22) 


(24) 


signal at maximum linear output into the lamp 
load. Then, having reconnected the regular an- 
tenna, the same loading conditions for the final 
will be reproduced by adjusting its tuning and 
loading until the identical combination of plate 
and grid currents can be obtained. This process 
will require only a few moments of on-the-air 
operation. 

When the final on-the- -air “checks are made, it 
will be convenient to make a few reference marks 
on the oscilloscope screen to indicate the peak 
height of the pattern. The scope will then serve 
as a permanent output monitor for all operations. 
For best results the sweep should be set for about 
30 cycles, in which case the voice patterns will 
stand out clearly and can easily be kept just 
within the reference lines. Incidentally, the 
pattern is really fascinating to watch. 

Don’t be a ‘‘meter bender.’’ Input power 
isn’t everything. If you have to cut your input 
in half to avoid overload, the fellow at the other 
end will hardly notice the difference in level. 
At the same time, your neighbors, both those 
on the ham band and those next door trying 
to watch TV, will appreciate the difference 
right away. 


Frequency Conversion 


The preferred s.s.b. transmitter is probably 
one that generates the s.s.b. signal at some 
suitable frequency and then heterodynes the 
signal into the desired amateur bands, although 
a few designs exist that generate the s.s.b. signal 
at the operating frequency and consequently 
eliminate the need for heterodyning. When the 
heterodyning is done at low level (involving an 
s.s.b, signal of not more than a few volts), stand- 
ard receiving techniques are satisfactory. The 
converter tubes operated at manufacturer’s rat- 


ings leave little to be desired. 

When high-level heterodyning is required, as 
when an exciter delivering from 5 to 20 watts 
on a single band is available and multiband opera- 
tion is desired, a high-level converter is used. 
Since the efficiency of a converter is only about 
one-fourth that of the same tube or tubes used in 
Class ABg, using a converter stage as the output 
stage is not very economical, and the high-level 
converter is generally used to drive the output 
stage. 
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Fig. 11-21—Two examples of “high-level” mixer circuits. 
The circuit at A has been used with 6V6, 6L6, 6AQ5 and 
6Y6 type tubes. With 300 volts on the plate the idling 
current is about 15 ma., kicking as high as 30 ma. with 
the s.s.b. signal. 

_ The circuit in B operates with a positive screen voltage 
and some cathode bias, and is capable of somewhat more 
output than the circuit shown in A. 

In either case the output circuit, Cil2, is tuned to the 
sum or difference frequency of the oscillator and s.s.b. 
signal. Couplina coils Li and L3 will usually be three 
or four turns coupled to their respective driving sources. 


Reference to tube manuals will disclose no in- 
formation of the operation of small transmitting 
tubes as mixers. However, it has been found that 
most of the tetrodes in the 15- to 35-watt plate- 
dissipation class make acceptable mixers, and 
tubes like the 6V6, 6L6, 807 and 6146 have been 
used successfully. The usual procedure is to feed 
one of the signals (oscillator or s.s.b.) to the 
control grid and the other to the cathode or 
screen grid. Typical circuits are shown in Fig. 
11-21. : 

(Suggestions for converting to and operating 
in the 50- and 144-Me. bands can be found in 
Tilton, “‘Single-Sideband Ideas for the V.H.F. 
Man,” OST, May, 1957.) 


@ VOICE-CONTROLLED BREAK-IN 


Although it is possible for two s.s.b. stations 
operating on widely different frequencies to 
work “‘duplex”’ if the carrier suppression is great 
enough (inadequate carrier suppression would 
be a violation of the FCC rules), most s.s.b. 
operators prefer to use voice-controlled break-in 
and operate on the same frequency. This over- 
comes any possibility of violating the FCC rules 
and permits ‘‘round table’”’ operation. 

Many various sytems of voice-controlled 
break-in are in use, but they are all basically the 
same. Some of the audio from the speech amplifier 
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is amplified and rectified, and the resultant d.c. 
signal is used to key an oscillator and one or more 
stages in the s.s.b. transmitter and “‘blank”’ the 
receiver at the time that the transmitter is on. 
Thus the transmitter is on at any and all times 
that the operator is speaking but is off during the 
intervals between sentences. The voice-control 
circuit must have a small amount of “hold” 
built into it, so that it will hold in between words, 
but it should be made to turn on rapidly at the 
slightest voice signal coming through the speech 
amplifier. Both tube and relay keyers have been 
used with good success. Some _ voice-control 


_ systems require the use of headphones by the 


operator, but a loudspeaker can be used with the 
proper circuit. (See Nowak, ‘‘ Voice-Controlled 
Break-In . . . and a Loudspeaker,’ QST,, May, 


1951, and Hunter, “Simplified Voice Control 


with a Loudspeaker,’’ OST, October, 1953.) 

If an antenna relay is used to switch the an- 
tenna from the receiver to the transmitter and 
back again, it is often possible to operate the out- 
put. linear amplifier stage with some idling cur- 
rent and experience no difficulty with the “diode 
noise’’ generated by the amplifier plate current. 
However, when the receiver, transmitter and 
antenna are always connected together, as when 
an electronic transmit-recelve switch is used 
(see Chapter Eight), weak signals will not be 
heard through the diode noise of the transmitter. 
To overcome this difficulty, the idling current of 
the amplifier must be reduced to zero during 
listening periods. This can be accomplished 
through the use of the circuit in Fig. 11-22. Here 


R, 


ieee 


Fig. 11-22—Bias-switching circuit for use with a Class 
AB; linear amplifier and an electronic t.r. switch. 
Ri —4700 ohms, 1 watt. 
R2— 100,000 ohms, 2 watts. 
Ki— VOX relay or relay controlled by VOX circuit. 
Vi—OA2 or OB2, depending upon amplifier re- 
quirements. 


Ky, is a relay controlled by the voice-controlled 
break-in circuit. When the relay is closed, the 
operating bias £, for the linear amplifier is de- 
termined by the setting of the arm on Ay. When 
the relay is open, the grid bias jumps to the value 
E, which should be high enough to cut off the 
amplifier stage. The voltage regulator tube 
should be one with a nominal voltage drop in 
excess of the normal bias for the amplifier tube, 
and the negative supply voltage H should be at 
least 25 per cent higher than the ignition potential 
of the VR tube. The circuit in Fig. 11-22 is ap- 
plicable to Class AB; amplifiers; it cannot be 
used when grid current is drawn during operation. 


Receiving Suppressed-Carrier Signals 


Receiving Suppressed-Carrier Signals 


The reception of suppressed-carrier signals 
requires that the carrier be accurately reinserted 
at the receiver. In addition, the reception of a 
double-sideband suppressed-carrier signal re- 
quires that one sideband be filtered off in the re- 
ceiver before demodulation or that a special 
type of converter be used. Beeause little or no 
carrier is transmitted, the usual a.v.c. in the re- 
ceiver has nothing that indicates the average 
signal level, and this fact requires either manual 
variation of the r.f. gain control or the use of a 
special a.v.c. system. (As, for example, Luick, 
“Improved A.V.C. for Sideband and C.W.,” 
QST, October, 1957.) 

A suppressed-carrier signal can be identified 
by the absence of a strong carrier and by the se- 
vere variation of the 8 meter at a syllabic rate. 
When such a signal is encountered, it should first 
be peaked with the main tuning dial. (This cen- 
ters the signal in thei.f. pass band.) After this op- 
eration, do not touch the main tuning dial. Then 
set the r.f. gain control at a very low level and 
switch off the a.v.c. Increase the audio volume 
control to maximum, and bring up the r.f. gain 
control until. the signal can be heard weakly. 
Switch en the beat oscillator, and carefully adjust 
the frequency of the beat oscillator until proper 
speech is heard. If there is a slight amount of 
carrier present, it is only necessary to zero-beat 
the beat oscillator with this weak carrier. It will 
be noticed that with incorrect tuning of an s.s.b. 
signal, the speech will sound high- or low-pitched 
or even inverted (very garbled), but no trouble 
will be had in getting the correct setting once a 
little experience has been obtained. The use of 
minimum r.f. gain and maximum audio gain will 
insure that no distortion (overload) occurs in the 
receiver. It may require a readjustment of your 
tuning habits to tune the receiver slowly enough 
during the first few trials. 

Once the proper setting of the b.f.o. has been 
established by the procedure above, all further 
tuning should be done with the main tuning con- 
trol. However, it is not unlikely that s.s.b. sta- 
tions will be encountered that are transmitting 
the other sideband, and to receive them will re- 
quire shifting the b.f.o. setting to the other side of 
the receiver 1.f. passband. The initial tuning pro- 
cedure is exactly the same as outlined above, ex- 
cept that you will end up with a considerably dif- 
ferent b.f.o. setting. The two b.f.o. settings should 
be noted for further reference, and all tuning of 
s.s.b. signals can then be done with the main tun- 
ing dial. With experience, it becomes a simple 


matter to determine which way to tune to make 
the signal sound lower- or higher-pitched if the 
receiver (or transmitter) drifts off. 

When a double sideband suppressed-carrier 
signal is received, sufficient selectivity will be 
required in the receiver to eliminate one side- 
band and convert the signal into a single-side- 
band signal before detection, where it can be 
received by the method outlined above. Receiver 
bandwidths of 3 ke. or less will be required for this 
purpose, or the use of a “‘Signal Slicer,” a selec- 
tivity device that uses the phasing principle. (See 
GE Ham News, Vol. 6, No. 4, July, 1951.) 

Newcomers to single sideband -often wonder if 
there is any device that can be added to a receiver 
that will make the tuning of sideband signals less 
critical. At the present time there is no device 
that will “‘lock in” automatically. However, if the 
receiver is lacking in selectivity, an apparent im- 
provement can be obtained by using an adapter 
that adds selectivity to the receiving system. No 
improvement in ease of tuning will be noticed on 
good sideband signals (good suppression of un- 
wanted sideband), but fair or mediocre signals 
will be easier to tune. The reason is that the 
adapter makes a better sideband signal out of 
the incoming signal by removing the vestiges of 
the unwanted sideband, and a good sideband 
signal will tune easier than a fair one. The side- 
band adapters also usually have detectors de- 
signed for best detection of sideband signals, a 
point that was overlooked in some of the older 
receivers. Good detectors for sideband signals 
include diodes with sufficient b.f.o. injection 
(5 to 10 times peak signal) and ‘product detec- 
tors’? (see Chapter Five). Either detector is 
capable of low distortion output if. the.input is 
held down 


@ WHICH SIDEBAND 


To identify which sideband the other station is 
using, remember this simple rule: If tuning the 
receiver to a lower frequency makes the voice 
sound lower-pitched, he is on lower sideband. 

With any receiver having sufficient selectivity 
to give a stronger signal on one side than on the 
other of zero beat, this rule will aid in properly 
setting the b.f.o: A selective receiver can be set 
up for lower-sideband reception by setting the 
b.f.o. so that there is little or no signal on the 
low-frequency side of zero beat when tuning 
through a steady carrier or c.w. signal. 


Specialized. 


CHAPTER 12 


Communication Systems 


Frequency and Phase Modulation 


It is possible to convey intelligence by modu- 
lating any property of a carrier, including its fre- 
quency and phase. When the frequency of the 
carrier is varied in accordance with the varia- 
tions in a modulating signal, the result is fre- 
quency modulation (f.m.). Similarly, varying the 
phase of the carrier current is called phase 
modulation (p.m.). 

Frequency and phase modulation are not inde- 
pendent, since the frequency cannot be varied 
without also varying the phase, and vice versa. 
The difference is largely a matter of definition. 

The effectiveness of f.m. and p.m. for com- 
munication purposes depends almost entirely on 
the receiving methods. If the receiver will respond 
to frequency and phase changes but is insensitive 
to amplitude changes, it will discriminate against 
most forms of noise; particularly impulse noise 
such as is set up by ignition systems and other 
sparking devices. Special methods of detection 
are required to accomplish this result. 

Modulation methods for f.m. and p.m. are 
simple and require practically no audio power. 
There is also the advantage that, since there is no 
amplitude variation in the signal, interference to 
broadcast reception resulting from rectification of 
the transmitted signal in the audio circuits of the 
BC receiver is substantially eliminated. These 
two points represent the principal reasons for the 
use of f.m. and p.m. in amateur work. 


Frequency Modulation 
Fig. 12-1 is a representation of frequency 
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Fig. 12-1—Graphical representation of frequency modu- 
lation. In the unmodulated carrier at A, each r.f. cycle 
occupies the same amount of time. When the modulating 
signal, B, is applied, the radio frequency is increased and 
decreased according to the amplitude and polarity of the 
modulating signal. 
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modulation. When a modulating signal is applied, 
the carrier frequency is increased during one 
half-cycle of the modulating signal and decreased 
during the half-cycle of opposite polarity. This is 
indicated in the drawing by the fact that the r.f. 
cycles occupy less time (higher frequency) when 
the modulating signal is positive, and more time 
(lower frequency) when the modulating signal is 
negative. The change in the carrier frequency 
(frequency deviation) is proportional to the in- 
stantaneous amplitude of the modulating signal, 
so the deviation is small when the instantaneous 
amplitude of the modulating signal is small, and ~ 
is greatest when the modulating signal reaches its 
peak, either positive or negative. 

As shown by the drawing, the amplitude of the 
signal does not change during modulation. 


Phase Modulation 


If the phase of the current in a circuit is 
changed there is an instantaneous - frequency 
change during the time that the phase is being 
shifted. The amount of frequency change, or 
deviation, depends on how rapidly the phase 
shift is accomplished. It is also dependent upon 
the total amount of the phase shift. In a properly 
operating p.m. system the amount of phase shift 
is proportional to the instantaneous amplitude 
of the modulating signal. The rapidity of the 
phase shift is directly proportional to the fre- 
quency of the modulating signal. Consequently, 
the frequency deviation in p.m. is proportional to 
both the amplitude and frequency of the modu- 
lating‘signal. The latter represents the outstand- 
ing difference between f.m. and p.m., since in f.m. 
the frequency deviation is proportional only to 
the amplitude of the modulating signal. 


Modulation Depth 


Percentage of modulation in f.m. and p.m. has 
to be defined differently than for a.m. Practically, 
“100 per cent modulation” is reached: when the 
transmitted signal occupies a channel just equal 
to the bandwidth for which the receiver is de- 
signed. If the frequency deviation is greater than 
the receiver can accept, the receiver distorts the 
signal. However, on another receiver designed for 
a, different bandwidth the same signal might be 
equivalent to only 25 per cent modulation. 

In amateur work “narrow-band” f.m. or p.m. 
(frequently abbreviated n.f.m.) is defined as 
having the same channel width as a properly 
modulated a.m. signal. That is, the effective 
channel width does not exceed twice the highest 


Sidebands 


AMPLITUDE 


MODULATION INDEX 


audio frequency in the modulating signal. N.f.m. 
transmissions based on an upper audio limit of 
3000 cycles therefore should occupy a channel not 
significantly wider than 6 ke. 


F.M. and P.M. Sidebands 


The sidebands set up by f.m. and p.m. differ 
from those resulting from a.m. in that they occur 
at integral multiples of the modulating frequency 
on either side of the carrier rather than, asin a.m., 
consisting of a single set of side frequencies for 
each modulating frequency. An f.m. or p.m. signal 
therefore inherently occupies a wider channel 
than a.m. 

The number of ‘‘extra’’ sidebands that occur 
in f.m. and p.m. depends on the relationship be- 
tween the modulating frequency and the fre- 
quency deviation. The ratio between the fre- 
quency deviation, in cycles per second, and the 
modulating frequency, also in cycles per second, 
is called the modulation index. That is, 


Carrier frequency deviation 
Modulating frequency 


Example: The maximum frequency deviation 
in an f.m. transmitter is 3000 cycles either side 
of the carrier frequency. The modulation index 
when the modulating frequency is 1000 cycles is 


3000 _ 
1000 


At the same deviation with 3000-cycle modula- 
tion the index would be 1; at 100 cycles it would 
be 30, and so on. 


M odulation index = 


Modulation index = 


In p.m. the modulation index is constant re- 
gardless of the modulating frequency; in f.m. it 
varies with the modulating frequency, as shown 
in the above example. In an f.m. system the 
ratio of the maximum carrier-frequency deviation 
to the highest modulating frequency used is called 
the deviation ratio. 

Fig. 12-2 shows how the amplitudes of the 
carrier and the various sidebands vary with the 
modulation index. This is for single-tone modula- 
tion; the first sideband (actually a pair, one above 
and one below the carrier) is displaced from the 
carrier by an amount equal to the modulating 
frequency, the second is twice the modulating 
frequency away from the carrier, and so on. For 
example, if the modulating frequency is 2000 
cycles and the carrier frequency is 29,500 ke., the 
first sideband pair is at 29,498 ke. and 29,502 ke., 
the second pair is at 29,496 ke. and 29,504 kc., 
the third at 29,494 ke. and 29,506 ke., etc. The 
amplitudes of these sidebands depend on the 


Fig. 12-2—How the amplitude of the pairs of 
sidebands varies with the modulation index in 
an f.m. or p.m. signal. If the curves were extended 
for greater values of modulation index it would 
be seen that the carrier amplitude goes through 
zero at several points. The same statement also 
applies to the sidebands. 


modulation index, not on the frequency deviation. 

Note that, as shown by Fig. 12-2, the carrier 
strength varies with the modulation index. (In 
amplitude modulation the carrier strength is 
constant; only the sideband amplitude varies.) 
At a modulation index of approximately 2.4 the 
carrier disappears entirely. It then becomes 
‘negative’ at a higher index, meaning that its 
phase is reversed as compared to the phase with- 
out modulation. In f.m. and p.m. the energy that 
goes into the sidebands is taken from the carrier, 
the total power remaining the same regardless of 
the modulation index. 


Frequency Multiplication 


Since there is no change in amplitude with 
modulation, an f.m. or p.m. signal can be ampli- 
fied without distortion by an ordinary Class C 
amplifier. The modulation can take place in a 
very low-level stage and the signal can then be 
amplified by either frequency multipliers or 
straight amplifiers. 

If the modulated signal is passed through one 
or more frequency multipliers, the modulation 
index is multiplied by the same factor that the 
carrier frequency is multiplied. For example, if 
modulation is applied on 3.5 Me. and the final 
output is on 28 Me. the total frequency multipli- 
cation is 8 times, so if the frequency deviation is 
500 cycles at 3.5 Me. it will be 4000 cycles at 28 
Mc. Frequency multiplication offers a means for 
obtaining practically any desired amount of fre- 
quency deviation, whether or not the modulator 
itself is capable of giving that much deviation 
without distortion. 


Narrow-Band F.M. and P.M. 

‘‘Narrow-band”’ f.m. or p.m., the only type that 
is authorized by FCC for use on the lower fre- 
quencies where the phone bands are crowded, is 
defined as f.m. or p.m. that. does not occupy a 
wider channel than an a.m. signal having the 
same audio modulating frequencies. 

If the moduiation index (with single-tone 
modulation) does not exceed 0.6 or 0.7, the most 
important extra sideband, the second, will be at 
least 20 db. below the unmodulated carrier level, 
and this should represent an effective channel 
width about equivalent to that of an a.m. signal. 
In the case of speech, a somewhat higher modula- 
tion index can be used. This is because the energy 


' distribution in a complex wave is such that the 


modulation index for any one frequency com- 
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ponent is reduced, as compared to the index with 
a sine wave having the same peak amplitude as 
the voice wave. 

The chief advantage of narrow-band f.m. or 
p.m. for frequencies below 30 Mc. is that it elimi- 
nates or reduces certain types of interference to 
broadcast reception. Also, the modulating equip- 
ment is relatively simple and inexpensive. How- 
ever, assuming the same unmodulated carrier 


power in all cases, narrow-band f.m. or p.m. is _ 


not as effective as a.m. with the methods of re- 
ception used by most amateurs. As shown by 
Fig. 12-2, at an index of 0.6 the amplitude of the 
first sideband is about 25 per cent of the un- 
modulated-carrier amplitude; this compares with 
a sideband amplitude of 50 per cent in the case 
of a 100 per cent modulated a.m. transmitter. 
When copied on an a.m. receiver, a narrow- 
band f.m. or p.m. transmitter is about equivalent 
to a 100 per cent modulated a.m. transmitter 
operating at one-fourth the carrier power. 


Comparison of F.M. and P.M. 


Frequency modulation cannot be applied to an 
amplifier stage, but phase modulation can; p.m. 
is therefore readily adaptable to transmitters 
employing oscillators of high stability such as the 
erystal-controlled type. The amount of phase 
shift that can be obtained with good linearity is 
such that the maximum practicable modulation 
index is about 0.5. Because the phase shift is 
proportional to the modulating frequency, this 
index can be used only at the highest frequency 
present in the modulating signal, assuming that 
all frequencies will at one time or another have 


equal amplitudes. Taking 3000 cycles as a suit- 
able upper limit for voice work, and setting 
the modulation index at 0.5 for 3000 cycles, 
the frequency response of the speech-amplifier 
system above 3000 cycles must be sharply 
attenuated, to prevent sideband splatter. Also, 
if the “tinny” quality of p.m. as received on an 
f.m. receiver is to be avoided, the p.m. must be 
changed to f.m., in which the modulation index 
decreases in inverse proportion to the modulating 
frequency. This requires shaping the speech- 
amplifier frequency-response curve in such a way 
that the output voltage is inversely proportional 
to frequency over most of the voice range. When 
this is done the maximum modulation index can 
only be used at some relatively low audio fre- 
quency, perhaps 300 to 400 cycles in voice trans- 
mission, and must decrease in proportion to the 
increase in frequency. The result is that the 
maximum linear frequency deviation is only 
one or two hundred cycles, when p.m. is changed 
to f.m. To increase the deviation for n.f.m. re- 
quires a frequency multiplication of 8 times or 
more. 

It is relatively easy to secure a fairly large 
frequency deviation when a self-controlled os- 
cillator is frequency-modulated directly. (True 
frequency modulation of a crystal-controlled 
oscillator results in only very small deviations 
and so requires a great deal of frequency mul- 
tiplication.) The chief problem is to maintain 
a satisfactory degree of carrier stability, since 
the greater the inherent stability of the oscillator 
the more difficult it is to secure a wide frequency 
swing with linearity. 


Methods of Frequency and Phase Modulation 


A simple and satisfactory device for producing 
f.m. in the amateur transmitter is the reactance 
modulator. This is a vacuum tube connected to 
the r.f. tank circuit of an oscillator in such a way 
as to act as a variable inductance or capacitance. 

Fig. 12-3 is a representative circuit. The con- 
trol grid of the modulator tube, V2, is connected 
across the oscillator tank circuit, C)L;, through 
resistor 2, and blocking capacitor Cy». Cg repre- 
sents the input capacitance of the modulator 
tube. The resistance of AR; is made large com- 
pared to the reactance of Cs, so the r.f. current 
through RCs, will be practically in phase with 
the r.f. voltage appearing at the terminals of the 
tank circuit. However, the voltage across Cg 
will lag the current by 90 degrees. The r.f. current 
in the plate circuit of the modulator will be in 
phase with the grid voltage, and consequently is 
90 degrees behind the current through C3, or 90 
degrees behind the r.f. tank voltage. This lagging 
current is drawn through the oscillator. tank, 
giving the same effect as though an inductance 
were connected across the tank. The frequency 
increases in proportion to the amplitude of the 
lagging plate current of the modulator. The audio 
voltage, introduced through a radio-frequency 
choke, RFC}, varies the transconductance of the 
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tube and thereby varies the r.f. plate current. 

The modulated oscillator usually is operated 
on a relatively low frequency, so that a high order 
of carrier stability can be secured. Frequency 
multipliers are used to raise the frequency to the 
final frequency desired. 

A reactance modulator can be connected to a 
crystal oscillator as well as to the self-controlled 
type. However, the resulting signal is more phase- 
modulated than it is frequency-modulated, for 
the reason that the frequency deviation that can 
be secured by varying the tuning of a erystal 
oscillator is quite small. 


Design Considerations 


The sensitivity of the modulator (frequency 
change per unit change in grid voltage) depends 
on the transconductance of the modulator tube. 
It increases when FR; is made smaller in compari- 
son with Cs. It also increases with an increase in 
L/C ratio in the oscillator tank circuit. However, 
for highest carrier stability it is desirable to use 
the largest tank capacitance that will permit the 
desired deviation: to be secured while keeping 
within the limits of linear operation. 

A change in any of the voltages on the modu- 


Frequency and Phase Modulation 


lator tube will cause a change in r.f. plate current, 
and consequently a frequency change. Therefore 
it is advisable to use a regulated plate power 
supply for both modulator and oscillator. At the 
low voltage used (250 volts or less) the required 
stabilization can be secured by means of gaseous 
regulator tubes. 


Speech Amplification 


The speech amplifier preceding the modulator 
follows ordinary design, except that no power is 
taken from it and the a.f. voltage required by the 
modulator grid usually is small — not more than 
10 or 15 volts, even with large modulator tubes. 
Because of these modest requirements, only a 
few speech stages are needed; a two-stage ampli- 
fier consisting of a pentode followed by a triode, 
both resistance-coupled, will more than suffice 
for crystal microphones. 


@ PHASE MODULATION 


The same type of reactance-tube circuit that 
is used to vary the tuning of the oscillator tank 
in f.m. can be used to vary the tuning of an 
amplifier tank and thus vary the phase of the 
tank current for p.m. Hence the modulator cir- 
cuit of Fig. 12-3 can be used for p.m.if the re- 
actance tube works on an amplifier tank instead 
of directly on a self-controlled oscillator. 

The phase shift that occurs when a circuit is 
detuned from resonance depends on the amount 
of detuning and the Q of the circuit. The higher 
the Q, the smaller the amount of detuning needed 
to secure a given number of degrees of phase shift. 
If the Q is at least 10, the relationship between 
phase shift and detuning (in kilocycles either 
side of the resonant frequency) will be sub- 


Fig. 12-3—Reactance modulator using a high- 

transconductance pentode (6BA6, 6CL6, etc.). 

C:—R.f. tank capacitance (see text) 

C2, Cs—0.001-yf. mica. 

C4, C5, Ce—0.0047-pf. mica. 

C7—10-yf. electrolytic. 

Cs—Tube input capacitance. 

Ri —47,000 ohms. 

Ro—0.47 megohnm. 

R3s—Screen dropping resistor; select to give proper 
screen voltage on type of modulator tube 

pea used: 

R4—Cathode bias resistor; select as in case of R3. 

Li—R.f. tank inductance. 

RFC; —2.5-mh. r.f. choke. 


stantially linear over a phase-shift range of 
about 25 degrees. From the standpoint of modu- 
lator sensitivity, the Q of the tuned circuit 
on which the modulator operates should be 
as high as possible. On the other hand, the effec- 
tive Q of the circuit will not be very high if the 
amplifier is delivering power to a load since the 
load resistance reduces the Q. There must there- 
fore be a compromise between modulator sensi- 
tivity and r.f. power output from the modulated 
amplifier. An optimum figure for Q appears to 
be about 20; this allows reasonable loading of the 
modulated amplifier and the necessary tuning 
variation can be secured from a reactance modu- 
lator without difficulty. It is advisable to modu- 
late at a very low power level — preferably in a 
stage where receiving-type tubes are used. 

Reactance modulation of an amplifier stage 
usually also results in simultaneous amplitude 
modulation because the modulated stage is de- 
tuned from resonance as the phase is shifted. This 
must be eliminated by feeding the modulated 
signal through an amplitude limiter or one or 
more “‘saturating”’ stages — that is, amplifiers 
that are operated Class C and driven hard enough 
so that variations in the amplitude of the grid 
excitation produce no appreciable variations in 
the final output amplitude. 

For the same type of reactance modulator, the 
speech-amplifier gain required is the same for 
p.m. as for f.m. However, as pointed- out earlier, 
the fact that the actual frequency deviation in- 
creases with the modulating audio frequency in 
p.m. makes it necessary to cut off the frequencies 
above about 3000 cycles before modulation takes 
place. If this is not done, unnecessary sidebands 
will be generated at frequencies considerably 
away from the carrier. 


Checking F.M. and P.M. Transmitters 


Accurate checking of the operation of an 
f.m. or p.m. transmitter requires. different 
methods than the corresponding checks on an 
a.m. set. This is because the common forms of 
measuring devices either indicate amplitude 
variations only (a d.c. milliammeter, for ex- 
ample), or because their indications are most 
easily interpreted in terms of amplitude. There 
is no simple measuring instrument that indicates 
frequency deviation directly. 


However, there is one favorable feature in 
f.m. or p.m. checking. The modulation takes 
place at a very low level and the stages follow- 
ing the one that is modulated do not affect the 
linearity of modulation so long as they are 
properly tuned. Therefore the modulation may 
be checked without putting the transmitter on the 
air, or even on a dummy antenna. The power 1s 
simply cut off the amplifiers following the 
modulated stage. This not only avoids unneces- 
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sary interference to other stations during test- 
ing periods, but also keeps the signal at such a 
low level that it may be observed quite easily 
on the station receiver. A good receiver with a 
crystal filter is an essential part of the checking 
equipment of an f.m. or p.m. transmitter, par- 
ticularly for narrow-band f.m. or p.m. 

The quantities to be checked in an f.m. or p.m. 
transmitter are the linearity and frequency 
deviation. Because of the essential difference 
between f.m. and p.m. the methods of checking 
differ in detail. 


Reactance-Tube F.M. 


It is possible to calibrate a reactance modulator 
by applying an adjustable d.c. voltage to the 
modulator grid and noting the change in oscilla- 
tor frequency as the voltage is varied. A suitable 
circuit for applying the adjustable voltage is 
shown in Fig. 12-4. The battery should have a 


TO MOD. GRID 
RESISTOR 


Fig. 12-4—D.c. method of checking frequency deviation 
of a reactance-tube-modulated oscillator. A 500- or 
1000-ohm potentiometer may be used at Ri. 


voltage of 3 to 6 volts (two or more dry cells in 
series). The arrows indicate clip connections so 
that the battery polarity can be reversed. 

The oscillator frequency deviation should be 
measured by using a receiver in conjunction 
with an accurately calibrated frequency meter, 
or by any means that will permit accurate 
measurement of frequency differences of a few 
hundred cycles. One simple method is to tune 
in the oscillator on the receiver (disconnecting 
the receiving antenna, if necessary, to keep the 
signal strength well below the overload point) 
and then set the receiver b.f.o. to zero beat. 
Then increase the d.c. voltage applied to the 
modulator grid from zero in steps of about 4 
volt and note the beat frequency at each 
change. Then reverse the battery terminals and 
repeat. The frequency of the beat note may be 
measured by comparison with a calibrated 
audio-frequency oscillator. Note that with the 
battery polarity positive with respect to ground 
the radio frequency will move in one direction 
when the voltage is increased, and in the other 
direction when the battery terminals: are re- 
versed. When several readings have been taken 
a curve may be plotted to demonstrate the rela- 
tionship between grid voltage and frequency 
deviation. 

A sample curve is shown in Fig. 12-5. The 
usable portion of the curve is the center part 
which is essentially a straight line. The bending 
at the ends indicates that the modulator is no 
longer linear; this departuré from linearity will 
cause harmonic distortion and will broaden the 
channel occupied by the signal. In the ex- 
ample, the characteristic is linear 1.5 ke. on 
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Cycles Deviation From Resonance 


Grid-Voltage Deviation 
From Operating Bias 


Fig. 12-5—A typical curve of frequency deviation vs. 
modulator grid voltage. 


either side of the center or carrier frequency. 

A good modulation indicator is a ‘‘magic- 
eye’’ tube such as the 6E5. This should be con- 
nected across the grid resistor of the reactance 
modulator as shown in Fig. 12-6. Note its de- 
flection (using the d.c. voltage method as in 
Vig. 12-4) at the maximum deviation to be 
used. For narrow-band f.m. the proper deviation 
is approximately 2000 cycles (this maximum de- 
viation is based on an upper a.f. limit of 3000 
cycles and a deviation ratio of 0.7) at the output 
frequency. This deflection represents ‘100 per 
cent modulation” and with speech input the gain 
should be kept at the point where it is just 
reached on voice peaks. If the transmitter is 
used on more than one band, the gain control 
should be marked at the proper setting for 


TO GRID 


SPEECH 
AMP 


GAIN 
CONTROL 
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+250V. 


Fig. 12-6—6E5 modulation indicator for f.m. or p.m. modu- 
lators. To insure sufficient grid voltage for a good deflec- 
tion, it may be necessary to connect the gain control in 
the modulator grid circuit rather than in an 
earlier speech-amplifier stage. 


each band, because the signal amplitude that 
gives the correct deviation on one band will 
be either too great or too small on another. For 
example, if the output frequency is in the 29-Me. 
band and the oscillator is on 7 Me., the deviation 
at the oscillator frequency should not exceed 
2000/4, or 500 cycles. 


Checking with a Crystal-Filter Receiver 


With p.m. the d.c. method of checking just 
described cannot be used, because the fre- 
quency deviation at zero frequency (d.c.) also is 
zero. For narrow-band p.m. it is necessary to 
check the actual width of the channel occupied 
by the transmission. (The same method also can 
be used to check f.m.) For this purpose it is 
necessary to have a crystal-filter receiver and 
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an a.f. oscillator that generates a 3000-cycle 
sine wave. 

Keeping the signal intensity in the receiver 
at a medium level, tune in the carrier at. the owt- 
put frequency. Do not use the a.v.c. Switch on 
the beat oscillator, and set the crystal filter at 
its sharpest position. Peak the signal on the 
crystal and adjust the b.f.o. for any convenient 
beat note. Then apply the 3000-cycle tone to 
the speech amplifier (through an attenuator, 
if necessary, to avoid overloading; see chapter 
on audio amplifiers) and increase the audio 
gain until there is a small amount of modula- 
tion. Tuning the receiver near the carrier 
frequency will show the presence of sidebands 
3 ke. from the carrier on both sides. With 
low audio input, these two should be the only 
sidebands detectable. 

Now increase the audio gain and tune the 
receiver over a range of about 10 ke. on both 
sides of the carrier. When the gain becomes high 
enough, a second set of sidebands spaced 6 kc. 
on either side of the carrier will be detected. 
The signal amplitude at which these sidebands 
become detectable is the maximum speech am- 
plitude that should be used. If the 6E5 modula- 
tion indicator is incorporated in the modulator, 
its deflection with the 3000-cycle tone all 
be the “£100 per cent modulation” deflection for 
speech. 

When this method of checking is used with a 
reactance-tube-modulated f.m. (not p.m.) trans- 
mitter, the linearity of the system can be 
checked by observing the carrzer as the a.f. gain 
is slowly increased. The beat-note frequency 
will stay constant so long as the modulator 
is linear, but nonlinearity will be accompanied 
by a shift in the average carrier frequency 
that will cause the beat note to change in 
frequency. If such a shift occurs at the same 
time that the 6-kc. sidebands appear, the extra 
sidebands may. be caused by modulator distor- 
tion rather than by an excessive. modulation 


index. This means that the modulator is not 
capable of shifting the frequency over a wide- 
enough range. The 6-kce. sidebands should ap- 
pear before there is any shift in the. carrier fre- 
quency. 


R.F. Amplifiers 


The r.f. stages in the transmitter that follow 
the modulated stage may be designed and ad- 
justed as in ordinary operation. In fact, there 
are no special requirements to be met except 
that all tank circuits should be carefully tuned 
to resonance (to prevent unwanted r.f. phase 
shifts that might interact with the modulation 
and thereby introduce hum, noise and dis- 
tortion). In neutralized stages, the neutraliza- 
tion should be as exact as possible, also to 
minimize unwanted phase shifts. With f.m. and 
p.m., all r.f. stages in the transmitter can be 
operated at the manufacturer’s maximum 
c.w.-telegraphy ratings, since the average 
power input does not vary with modulation as 
it does in a.m. phone operation. 

The output power of the transmitter should be 
checked for amplitude modulation. It should not 
change from the unmodulated-carrier value when 
the transmitter is modulated. If no output in- 
dicator is available, a flashlight lamp and loop 
can be coupled to the final tank coil to serve as a 
current indicator. If the carrier amplitude is 
constant, the lamp brilliance will not change with 
modulation. 

Amplitude modulation accompanying f.m. 
or p.m. is just as much to be avoided as fre- 
quency or phase modulation that ac¢ompanies 
a.m. A mixture of a.m. with either of the other 
two systems results in the generation of spuri- 
ous sidebands and consequent widening of the 
channel. If the presence of a.m. is indicated by 
variation of antenna current with modulation, 
the cause is almost certain to be nonlinearity i in 
the modulator. 


Reception of F.M. and P.M. Signals 


Receivers for f.m. and p.m. signals differ from 
those for a.m. and s.s.b. principally in two fea- 
tures — there is no need for linearity in the am- 
plifier stages preceding detection (in fact, it is 
advantageous if the amplitude variations in the 
signal and background noise can be “washed 
out”), and the detector must be capable of con- 
verting the frequency variations in the incoming 
signal into amplitude variations. These amplitude 
variations, combined with rectification, produce 
an audio voltage corresponding to the frequency 
or phase modulation on the signal. 

Frequency- or phase-modulated signals can be 
received after a fashion on any ordinary receiver 
that has a selectivity curve with sloping sides. As 
shown in Fig. 12-7A, the receiver is tuned so that 
the carrier frequency is placed part-way down on 
one side of the selectivity curve so that the am- 
plitude is less than the maximum that would be 


possible with normal tuning. When the frequency 
of the signal varies with modulation it swings 
between some such limits as are indicated in Fig. 
12-7A, resulting in an amplitude-modulated out- 
put varying between X and Y. After this f.m.- 
to-a.m. conversion the signal goes to a conven- 
tional detector (usually a diode) and is rectified 
in the same way as an a.m. signal. 

With most receivers, particularly those having 
steep-sided selectivity curves, the method is not 
very satisfactory because the distortion is quite 
severe unless the frequency deviation is small, 
because the relationship between frequency 
deviation and output amplitude is linear over 
only a small part of the selectivity curve. 

A detector designed expressly for f.m. or p.m. 
will have a characteristic similar to that shown in 
Fig. 12-7B. The output is zero when the un- 
modulated carrier is tuned to the center, 0, of 
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Fig. 12-7—F.m. or p.m. detection characteristics. A— 

“Slope detection,” using the sloping side of the receiver's 

selectivity curve to convert f.m. or p.m. to a.m. for subse- 

quent rectification. B—Typical discriminator characteristic. 

The straight portion of this curve between the two peaks 

is the useful region. The peaks should always lie outside 
the pass band of the receiver’s selectivity curve. 


the characteristic. When the frequency swings 
higher, the rectified output amplitude increases in 
the positive direction (as chosen in this example), 
and when the frequency swings lower the output 
amplitude increases in the negative direction. 
Over the range in which the characteristic is a 
straight line the conversion from f.m. to a.m. is 
linear and there is no distortion. One type of 
detector that operates in this way is the fre- 
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quency discriminator, which combines the f.m.- 
to-a.m. conversion with rectification to give an 
audio-frequency output from the frequency- 
modulated r.f. signal. 


Limiter and Discriminator 


A practical discriminator circuit is shown in 
Fig. 12-8. The f.m.-to-a.m. conversion takes 
place in transformer Tj, which operates at the 
intermediate frequency of a superheterodyne 
receiver. The voltage induced in the transformer 
secondary, S, is 90 degrees out of phase with the 
primary current. The primary voltage is intro- 
duced at the center tap on the secondary through 
C; and combines with the secondary voltages on 
each side of the center tap in such a way that the 
resultant voltage on one side of the secondary 
leads the primary voltage and the voltage on the 
other side lags by the same phase angle, when the 
circuits are resonated to the unmodulated carrier 
frequency. When rectified, these two voltages are 
equal and of opposite polarity. If the frequency 
changes, there is a shift in the relative phase of 


the voltage components that results in an in- 


crease in output amplitude on one side of the 
secondary and a corresponding decrease in ampli- 
tude on the other side. Thus the voltage applied 
to one diode of Vs» increases while the voltage 
applied to the other diode decreases. The differ- 
ence between these two voltages, after rectifica- 
tion, is the audio-frequency output of the 
detector. 

The output amplitude of a simple discriminator 
depends on the amplitude of the input r.f. signal, 
which is undesirable because the noise-reducing 
benefits of f.m. are not secured if the receiving 
system is sensitive to amplitude variations. A 
discriminator is always preceded by some form of 
amplitude limiting, therefore. The conventional 
type of limiter also is shown in Fig. 12-8. It is 
simply a pentode i.f. amplifier, V1, with its oper- 
ating conditions chosen so that it ‘saturates’ on 
a relatively small signal voltage. The limiting 
action is aided by grid rectification, with grid-leak 


Fig. 12-8—Limiter-discriminator circuit. This type of circuit is frequently used at 455 kc. in the form of an "adapter" 
for communications receivers, for reception of narrow-band f.m. signals. 


Ci—App. 100 wyf. for 455-kc. i.f.; 50 uf. for higher 
frequencies. 

T,—Discriminator transformer for intermediate frequency 
used. Push-pull diode transformer may le sub- 
stituted. 
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RFC;—10 mh. r.f. choke for 455-kc. i.f.; 2.5 mh. satis- 
factory for frequencies above 3 Mc. 

Vi—6AU6 or equivalent. 

V2—6AL5 or equivalent. 


Radioteletype 


bias developed in the 50,000-ohm resistor in the 
grid circuit. Another contributing factor is low 
screen voltage, the screen voltage-divider con- 
stants being chosen to result in about 50 volts on 
the screen. 


Receiver Tuning with an F.M. Detector 

In tuning a signal with a receiver having a dis- 
criminator or other type of f.m. detector the tun- 
ing controls should be adjusted to center the 


carrier on the detector characteristic. At this 
point the noise suppression is most marked, so 
the proper setting is easily recognized. An am- 
plitude-modulated signal tuned at the same point 
will have its modulation “washed off”’ if the signal 
is completely limited in amplitude and the dis- 
criminator alignment is symmetrical. With either 
f.m. or a.m. signals, there will be a distorted 
audio-frequency output if the receiver is tuned 
“off center.”’ 


Radioteletype 


Radioteletype (abbreviated RTTY) is a form of 
telegraphic communication employing  type- 
writer-like machines for 1) generating a coded set 
of electrical impulses when a typewriter key cor- 
responding to the desired letter or symbol is 
pressed, and 2) converting a received set of such 
impulses into the corresponding printed charac- 
ter. The message to be sent is typed out in much 
the same way that it would be written on a type- 
writer, but the printing is done at the distant 
receiving point. The teletypewriter at the sending 
point also prints the same material, for checking 
and reference. 

The machines used for RTTY are far too com- 
plex mechanically for home construction, and if 
purchased new would be highly expensive. How- 
ever, used teletypewriters in good mechanical 
condition are available at quite reasonable prices. 
These are machines retired from commercial 
service but capable of entirely satisfactory opera- 
tion in amateur work. They may be obtained 
from a number of sources (latest information on 
this may be obtained from ARRL, West Hart- 
ford, Conn.) on condition that they will be used 
purely for amateur purposes and will not be re- 
sold for commercial use. 


Types of Machines 


There are two general types of machines, the 
page printer and the tape printer. The former 
prints on a paper roll about the same width as a 
business letterhead. The latter prints on paper 
tape, usually gummed on the reverse side so it 
may be cut to letter-size width and pasted on a 
sheet of paper in a series of lines. The page printer 
is the more common type in the equipment avail- 
able to amateurs. 

The operating speed of most machines is such 
that characters are sent at the rate of about 60 
words per minute. Ordinary teletypewriters are 
of the start-stop variety, in which the pulse-form- 
ing mechanism (motor driven) is at rest until a 
typewriter key is depressed. At this time it begins 
operating, forms the proper pulse sequence, and 
then comes to rest again before the next key is 
depressed to form the following character. The 
receiving mechanism operates in similar fashion, 
being set into operation by the first pulse of the 
sequence from the transmitter. Thus, although 
the actual transmission speed cannot exceed 
about 60 w.p.m. it can be considerably slower, 


depending on the typing speed of the operator. 

It is also possible to transmit by using per- 
forated tape. This has the advantage that the 
complete message may be typed out in advance 
of actual transmission, at any convenient speed; 
when transmitted, however, it is sent at the ma- 
chine’s normal maximum speed. A special trans- 
mitting head and tape perforator are required 
for this process. A reperforator is a device that 
may be connected to the conventional teletype- 
writer for punching tape when the machine is 
operated in the regular way. It may thus be used 
either for an original message or for “taping” an 
incoming message for retransmission. 


Teletype Code 


In the special code used for teletype every 
character has five “elements” sent in sequence. 
Each element has two possible states, either 
“mark” or “space,” which are indicated by 
different types of electrical impulses (i.e., mark 
might be indicated by a negative voltage and 
space by a positive voltage). In customary prac- 
tice each element occupies a time of 22 milli- 
seconds. In addition, there is an initial “start” 
element (space), also 22 milliseconds long, to set 
the transmitting and receiving mechanisms in 
operation, and a terminal “‘stop” element (mark) 
31 milliseconds long, to shut down the operation 
and ready the machine for the next character. 

This sequence is illustrated in Fig. 12-9, which 


a LETIER ‘Co 
MARK — 


3 
pea rsa ne Ms-f-22Ms.f-—31 MS — 
163MS. 


Fig. 12-9—Pulse sequence in the teletype code. Each 
character begins with a start pulse, always a ‘'space,” and 
ends with a ‘'stop” pulse, always a “mark.” The distribution 
of marks and spaces in the five elements between start and 
stop determines the particular character transmitted. 


shows the letter G with its start and stop ele- 
ments. The letter code as it would appear on 
perforated tape is shown in Fig. 12-10, where the 
black dots indicate marking pulses. Figures and 
arbitrary signs — punctuation, etc. —use the 
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FIGURES: — 3 8 ©) 
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Fig. 12-10—Teletype letter code 
uw @s_it appears on perforated 
a tape. Start and stop elements do 
Y_ not appear on tape. Elements are 
numbered from top to bottom. 
and dots indicate marking pulses. 
Numerals, punctuation signs, and 
other arbitrary symbols are 
secured by carriage shift. 


There are no lower-case letters on a teletypewriter. Where blanks appear in the above chart in the ''FIGS”’ line, 
characters may differ on different machines. 


same set of code impulses as the alphabet, and 
are selected by shifting the carriage as in the case 
of an ordinary typewriter. The carriage shift is 
accomplished by transmitting either the “LTRS” 
or “FIGS” code symbol as required. There is also 
a “carriage return’ code character to bring the 
carriage back to the starting position after the 
end of the line is reached on a page printer, and 
a “line feed” character to advance the page to the 
next line after a line is completed. 


Additional System Requirements 


To be used in radio communication, the pulses 
(d.c.) generated by the teletypewriter must be 
utilized in some way to key a radio transmitter 
so they may be sent in proper sequence and usable 
form to a distant point. At the receiving end the 
incoming signal must be converted into d.c. 
pulses suitable for operating the printer. These 
functions, shown in block form in Fig. 12-11, are 


RECEIVING 
CONVERTER 


TELETYPEWRITER 


Fig. 12-1 1—Radioteletype system in block form. 


performed by electronic units known respectively 
as the keyer and receiving converter. 

The radio transmitter and receiver are quite 
conventional in design. Practically all the special 
features needed can be incorporated in the keyer 
and converter, so that any ordinary amateur 
equipment is suitable for RTTY with little 
modification. 


Transmission Methods 


It is quite possible to transmit teletype signals 
by ordinary “on-off” or “make-break” keying 
such as is used in regular hand-keyed c.w. trans- 
mission. In practice, however, frequency-shift 
keying is preferred because it gives definite pulses 
on both mark and space, which is an advantage in 


_ printer operation. Also, since f.s.k. can be received 


by methods similar to those used for f.m. recep- 
tion, there is considerable discrimination against 
noise, both natural and man-made, distributed 
uniformly across the receiver’s pass band, when 
the received signal is not too weak. Both factors 
make for increased reliability in printer operation. 


Frequency-Shift Keying 


~ General practice with f.s.k. is to use a frequency 
shift of 850 cycles per second, although FCC 
regulations permit the use of any value of fre- 
quency shift up to 900 cycles. The smaller values 
of shift have been shown to have a signal-to-noise- 
ratio advantage in commercial circuits, and are 
currently being experimented with by amateurs. 
At present, however, the major part of amateur 
RTTY work is done with the 850-cycle shift. 
This figure also is used in much commercial work. 
The nominal transmitter frequency is the mark 
condition and the frequency is shifted 850 cycles 
(or whatever shift may be chosen) lower for space. 
On the v.h.f. bands where A2 transmission is 
permitted audio frequency-shift keying (a.f.s.k.) 
is generally used. In this case the r.f. carrier is 
transmitted continuously, the pulses being trans- 
mitted by frequency-shifted tone modulation. 
The audio frequencies used have been more-or- 
less standardized at 2125 and 2975 cycles per 
second, the shift being 850 cycles as in the case of 
straight f.s.k. (These frequencies are the 5th and 
7th harmonics, respectively, of 425 cycles, which 
is half the shift frequency, and thus are conven- 
ient for calibration and alignment purposes.) 
Witha.f.s.k. the lower audio frequency is custom- 
arily used for mark and the higher for space. 


The Receiving Converter 


In receiving an f.s.k. teletype signal, the 
recelver’s beat-frequency oscillator is turned on 
as for ordinary c.w. reception and the receiver 
tuning is then adjusted so that the mark and 
space signals produce audio beat tones of 2125 
and 2975 cycles. Either frequency can be used for 
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either mark or space, but no matter which may 
be used at the transmitter, the mark and space 
frequencies can be reversed at the receiver simply 


‘by tuning to the “other side of zero beat.” (This 


cannot be done with a.f.s.k., of course, but the 
reversal can be accomplished quite simply, if 
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resistances are in ohms, resistors are 2 watt. Capacitors of 0.01 uf. or less may be mica or ceramic; larger values may 


be paper. Capacitors with polarities indicated are electrolytic. 


Ci—0.15-yf. paper. 

Co—0.1-uf. paper. 

CRi, CRe—1N34 or equivalent. 

Ki—Polar relay, to operate on 20 ma. 

Li—36 mh. (TV width control, GE type RLD-019). 

L2—29 mh. (TV width control, GE type RLD-014). 

Mi—Zero-center d.c. milliammeter, 20 ma. or more full 
scale (may be a 100-0-100 microammeter ap- 
propriately shunted). 


necessary, by interchanging the outputs from the 
two frequencies as applied to the printer.) The 
audio-frequency tones are applied to separate 
rectifiers to convert them into d.c. impulses, 
which may then be further amplified to the 
power level required to operate the printer. 

The receiving converter which performs these 
functions generally will include means for clipping 
or limiting the signals so they are held at constant 
amplitude, and may also include provision for 
some shaping of the pulses to overcome distortion 
that occurs in transmission. There are many ways 
by which these results can be accomplished, and 
the higher the order of performance the more 
complicated the circuits become. However, satis- 
factory results under reasonably good receiving 
conditions can be secured with relatively simple 
equipment, and the “basic”’ circuit shown in 
Fig. 12-12 has proved to be quite successful in 
practice. It operates as follows: 

When audio output from the receiver is ap- 
plied, the two diodes, CR; and CR», which are 
biased with approximately 0.3 volt, limit the 
peak voltage at the grid of the limiter tube, Via, 
to 0.6 volt or less for signal voltages up to 30 volts 
or more. Additional limiting in Vj, -further 
stabilizes the voltage level. Vip is primarily an 


Ri—50,000-ohm volume control, linear taper. 

R3s—1000 ohms, 1 watt. 

Si—S.p.s.t. toggle. 

Ti—Power transformer, 500 volts c.t., 30 ma; 6.3 volts 
3 amp. 

Vi, V2—6SL7 (or 12AX7). 

V3—6SN7GT (or 12AU7). 


amplifier, and delivers approximately 15 volts 
output, constant to within‘1 db. for receiver out- 
put voltages varying between about 0.5 volt and 
more than 30 volts. 

The two tones, thus limited in amplitude, 
are applied to two simple filter circuits, 21C; 
and L2C2, tuned to 2125 and 2975 cycles, respec- 
tively. The two tones are thus separated, one 


being applied to the grid of Vea and the other 


to the grid of Vop. Vea’ and Vop operate as 
grid-leak detectors, and when a signal is applied 
to, say, Vea, the flow of grid current causes the 
grid to be driven practically to plate-current 
cutoff. As a result the plate voltage on Vaa, 
normally 15 volts with no signal, rises to 50 volts. 
This is sufficient to ignite the neon lamp con- 
nected between the plate of Vea and the grid 
of V3, and a positive bias of about 25 volts is 
applied to the grid of V3p. V3p then takes a 
plate current of about 20 ma. and a bias of 20 
volts is developed across the common cathode 
resistor, Re. This is sufficient to cut off the plate 
current of V3a, hence the left-hand magnet of 
the polarized relay, Ky, is ‘inoperative while the 
right-hand magnet closes the contacts on its side. 
A similar action takes place when a signal is 
applied to the grid of Voz but not to Vea; in this 
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case the relay contacts are pulled to the left. The 
relay thus keys the mark and space voltages 
applied to the printer. 

Potentiometer /2; is adjusted so that incoming 
noise (which will affect both channels equally) is 
balanced out and does not cause K, to operate. 
The neon lamps improve the operation of the 
circuit by acting as switches, thus making a 
sharp demarcation between mark and _ space 
pulses. 

The zero-center meter, Mj, is not a necessity 
but is a convenience in making adjustments. 
R, should be adjusted on receiver noise for zero 
reading. With a 2125-cycle tone the pointer will 


Fig. 12-13—Modification of converter cir- 
cuit for use with single-magnet printers. 
Unless otherwise indicated, capacitances 
are in puf., resistances in ohms, resistors are 
Y2 watt. 


Mi—dZero-center d.c. milliammeter, 100 
ma. full scale (may be microam- 
meter with appropriate shunt). 

Ri—50,000-ohm volume control. 


swing to the left and LZ, should be adjusted for 
maximum deflection. With a 2975-cycle tone the 
pointer will swing to the right and Le should be 
adjusted for maximum deflection. Equal deflec- 
tions should be obtained from both channels. 

The keying circuit shown in Fig. 12-12 is for 
use with the Model 12 machine which requires 
an external power supply. For machines having a 
single selector magnet the modification shown in 
Fig. 12-13 may be used so the printer may be 
operated directly. These machines usually re- 
quire a current of 60 ma., which will be furnished 
by this circuit and may be adjusted to the correct 
value by means of A. 


Frequency-Shift Keyers 


The keyboard contacts of the teletypewriter 
actuate a direct-current circuit that operates the 
printer magnets, and a pair of terminals is pro- 
vided at which a keyed d.c. signal of the order of 
100 volts is available. (Some machines, such as 
the Model 12, require an external d.c. power 
supply for this purpose; others have self-con- 
tained power supplies.) In the ‘‘resting”’ or non- 
operating condition the contacts are closed 
(mark) and the voltage at the terminals, which 
are in parallel with the contacts, is zero. In opera- 
tion, the contacts open for “space” and the full 
voltage appears across the terminals. As normally 
connected, the spacing signal is of positive 
polarity. 

This keyed d.c. voltage may be used to operate 
a keyer circuit for the radio transmitter, provided 
it is not “loaded” to such an extent that it affects. 
the operation of the printer. Alternatively, the 
keyed current, rather than the voltage, may be 
used for external keying. This can be done by 
using an auxiliary keying relay with its coil con- 
nected in series with the printer magnet or relay 
circuit. A fast-acting relay must be used, and the 
coil must be one that will operate satisfactorily 
on the current available in the printer circuit. 
This will usually be either 20 or 60 milliamperes, 
depending on the type of machine. Pee 
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F.S.K. with Variable-Frequency Oscillators 


Perhaps the simplest satisfactory circuit for 
frequency-shift keying a v-f.o. is the one shown 
in Fig. 12-14A. This operates from the voltage 
available at the keyboard contact terminals 
and uses a reactance tube to obtain the required 
frequency shift. 

The frequency shift is obtained by changing 
the plate resistance of the reactance tube, V2, so 
that in effect the variable capacitor Co is alter- 
nately disconnected or connected in parallel with 
the tuning capacitor in the y.f.o. tank circuit. 
With no voltage applied to the grid, V2 is biased 
so that the plate current is low and the effect of 
Cy on the oscillator frequency is small. When a 
positive voltage from the keyboard contacts is 
applied to the grid the plate resistance is low and 
the oscillator frequency becomes lower because 
of the greater effect of Co. The amount of fre- 
quency shift depends on the capacitance of C2 
and the amplitude of the positive voltage applied 
to the grid of V2. The latter can be controlled 
by FR}. 

Cy, the associated 20,000-ohm resistor, and the 
neon bulb, Vi, constitute a filter for removing 
clicks generated at the keyboard contacts. The 
value of Cy; depends somewhat on the machine, 


Radioteletype 


FROM KEYBOARD 
CONTACTS 


RELAY COIL IN SERIES 
WITH KEYBOARD CONTACTS 


1000 


(B) 


and values up to 0.25 uf. can be used, if necessary, 
without objectionable distortion of the keying 
pulses. The capacitance should be adjusted for 
clickless keying. 

The frequency-shift circuit should be initially 
adjusted at the lowest radio frequency to be used, 
since the shift will be smallest in this case. If Co 
is set so a shift of 850 cycles is obtained at this 
frequency, further adjustment of the shift may be 
made by means of Ay. If the transmitter output 
is on a higher-frequency band than that on which 
the v.f.o. operates, the shift at the v.f.o. funda- 
mental frequency must be reduced accordingly: 


F.S.K. With Crystal Oscillators 


Fig. 12-14B is a circuit which has been found 
to give a frequency shift of 850 cycles or riore 
with crystals of the type ordinarily used for 
frequencies of the order of 3.5 Me. and higher. 
This is an oscillator of the “‘grid-plate’”’ type 
discussed in Chapter 6 on transmitters, with 
the addition of a variable capacitor, C3, in series 
with the crystal. C3 reduces the total capacitance 
across the crystal and thus raises the oscillation 
frequency. When it is shorted out the capacitance 
across the crystal is higher and the resulting fre- 
quency is lower. 

Although relay contacts could be used for 
shorting the capacitor, the diode arrangement 
shown in Fig. 12-14B is more reliable in practice. 
With the contacts of K, open there is no d.c. 
path through CR, and it acts simply as a small 
capacitance (about 1 uf.) in parallel with C%. 
When the contacts of Ky are closed there is a d.c. 
circuit through CR,, CR», and the 1000-ohm re- 
sistor. Thus there is a path for direct current 


Fig. 12-14—Frequency-shift keyer cir- 
cuits. Unless otherwise indicated, ca- 
pacitances are in uwyf., resistances are in 
ohms, resistors are 2 watt. A—React- 
ance-tube keyer for use with variable- 
frequency oscillator (W6OWP). B— 
Crystal oscillator circuit (W2PAT). It 
is essential that all leads associated with 
the crystal portion of the circuit be held 
to a small fraction of an inch in length if 
maximum shift is desired. 


C:—Paper (see text). 

Co— 50-uuf. midget variable. 

C3—100-uyuf. midget variable. 

CRi, CRo—1N34 or equivalent. 

Ki—Normally closed relay, fast oper- 
ating, coil current according to 
printer magnet or relay current 

Ri—Volume control. 

Si—S.p.s.t. toggle. 

Vi—1-watt neon bulb without base 
resistor. 

V2—6C4 or equivalent. 

V3—6AK5 or equivalent. 


flow as a result of rectification of the r.f. voltage 
across CR». Because of the d.c. bias the resistance 
of CR» drops to a low value and C;3 is effectively 
shorted out. 

Adjustment of the circuit consists simply of 
determining the setting of C3 at which the operat- 
ing frequency is 850 cycles (or the desired shift) 
higher with the contacts of Ky open than the 
frequency when the relay contacts are closed. 
A normally closed relay is used in order to make 
the mark frequency lower than the space fre- 
quency, in accordance with usual practice. 


Frequency Adjustment 

The frequency shift, whatever the type of cir- 
cuit, should be made as nearly exact as available 
equipment will permit, since the shift must match 
the frequency difference between the filters in 
the receiving converter if the signals are to be 
usable at the receiving end. An accurately cali- 
brated audio oscillator is useful for this purpose. 
To check, the mark frequency should be tuned in 
on the station receiver, with the b.f.o. on, and the 
receiver set to exact zero beat (see Chapter 21 on 
measurements for identification of exact zero 
beat). The space frequency should then be ad- 
justed to exactly the desired shift. This may be 
done by adjusting for an auditory zero beat 
between the beat tone from the receiver and the 
tone from the audio oscillator. If an oscilloscope 
is available, the frequency adjustment may be 
accomplished by feeding the receiver tone to the 
vertical plates and the audio-oscillator tone to 
the horizontal plates, and then adjusting the 
space frequency for the elliptical pattern that 
indicates the two frequencies are the same. 
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CHAPTER 13 


Transmission Lines 


The place where r.f. power is generated is very 
frequently not the place where it is to be utilized. 
A transmitter and its antenna are a good ex- 
ample: The antenna, to radiate well, should be 
high above the ground and should be kept clear 
of trees, buildings and other objects that might 
absorb energy, but the transmitter itself is most 
conveniently installed indoors where it is readily 
accessible. ef 

The means by which power is transported 
from point to point is the r.f. transmission line. 


At radio frequencies a transmission line exhibits 
entirely different characteristics than it does at 
commercial power frequencies. This is because 
the speed at which electrical energy travels, while 
tremendously high as compared with mechanical 
motion, is not infinite. The peculiarities of r.f. 
transmission lines result from the fact that a 
time interval comparable with an r.f. cyele must 
elapse before energy leaving one point in the 
circuit can reach another just a short distance 
away. °- 


Operating Principles 


If a source of e.m.f. — a battery, for example 
— jis connected to the ends of a pair of insulated 
parallel wires that extend outward for an infinite 
distance, electric currents will immediately be- 
come detectable in the wires near the battery 
terminals. The electric field of the battery will 
cause free electrons in the wire connected to the 
positive terminal to be attracted to the battery, 
and an equal number of free electrons in the wire 
connected to the negative terminal will be re- 
pelled from the battery. These currents do not 
flow instantaneously, throughout the length of 
the wires;the electric field that causes the elec- 
tron movement cannot travel faster than the 
speed of light, so a measurable interval of time 
elapses before the currents become evident even 
a relatively short distance away. 

For example, the currents would not become 
detectable 300 meters (nearly 1000 feet) from 
the battery until at’ least a microsecond (one 
millionth of a second) after the connection was 
made. By ordinary standards this is a very short 
length of time, but in terms of radio frequency it 
represents the time of one complete cycle of a 
1000-kilocycle current —a frequency consid- 
erably lower than those with which amateurs 
communicate. "p 

The current flows to charge the capacitance 
between the two wires. However, the conductors 
of this “linear” capacitor also have appreciable 
inductance. The line may be thought of as being 
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Fig. 13-1 —Equivalent of a transmission line in lumped cir- 
cuit constants. 


composed of a whole series of small inductances 
and capacitances connected as shown in Fig. 13-1, 
where each coil is the inductance of a very short 
section of one wire and each capacitor is the 
capacitance between two such short sections. 
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Characteristic Impedance 


An infinitely long chain of coils and capaci- 
tors connected as in Fig. 13-1, where the small 
inductances and capacitances all have the same 
values, respectively, has an important property. 
To an electrical impulse applied at one end, the 
combination appears to have an impedance — 
called the characteristic impedance or surge im- 
pedance — approximately equal to +/L/C 
where L and C are the inductance and capaci- 
tance per unit length. This impedance is purely 
resistive. 

In defining the characteristic impedance as 
/ L/C, it is assumed that the conductors have 
no inherent resistance —that is, there is no 
I?R loss in them — and that there is no power 
loss in the dielectric surrounding the conduc- 
tors. There is thus no power loss in or from the 
line no matter how great its length. This may not 
seem consistent with calling the characteristic 
impedance a pure resistance, which implies that 
the power supplied is all dissipated in the line. 
But in an infinitely long line the effect, so far as 
the source of power is concerned, is exactly the 
same as though the power were dissipated in a 
resistance, because the power leaves the source 
and travels outward forever along the line. 

The characteristic impedance determines the 
amount of current that can flow when a given 
voltage is applied to an infinitely long line, 
in exactly the same way that a definite value 
of actual resistance limits current flow when a 
voltage is applied. 

The inductance and capacitance per unit 
length of line depend upon the size of the con- 
ductors and the spacing between them. The 
closer the two conductors and the greater their 
diameter, the higher the capacitance and the 
lower the inductance. A line with large con- 
ductors closely spaced will have low impedance, 
while one with small conductors widely spaced 
will have relatively high impedance. 


““Matched’’ Lines 
Actual transmission lines do not extend to 
infinity but have a definite length and are con- 
nected to, or terminate in, a load at the “output” 


“Standing Waves 


end, or end to which the power is delivered. If 
the load is a pure resistance of a value equal to 
the characteristic impedance of the line, the line 
is said to be matched. To current traveling along 
the line such a load just looks like still more 
transmission line of the same characteristic im- 
pedance. ; 

In other words, a short line terminated in a 
purely resistive load equal to the characteristic 
impedance of the line acts just as though it were 
infinitely long. In a matched transmission line, 
power travels: outward along the line from the 
source until it reaches the load, where it is com- 
pletely absorbed. 


R.F. on Lines 


The principles discussed above, although based 
on direct-current flow from a battery, also hold 
when an r.f. voltage is applied to the line. The 
difference is that the alternating voltage causes 
the amplitude of the current at: the input termi- 
nals of the line to vary with the voltage, and the 
direction of current flow also periodically reverses 
when the polarity of the applied voltage reverses. 
The current at a given instant at any point along 
the line is the result of a voltage that was applied 
at some earlier instant at the input terminals. 
Since the distance traveled by the electromagnetic 
fields in the time of one cycle is equal to one wave- 
length (Chapter 2), the instantaneous amplitude 
of the current is different at all points in a one- 
wavelength section of line. In fact, the current 
flows in opposite directions in the same wire in 
suecessive half-wavelength sections. However, 
at any given point along the line the current goes 
through similar variations with time that the 
current at the input terminals did. 

Thus the current (and voltage) travels along 
the wire as a series of waves having a length equal 
to the speed of travel divided by the frequency 
of the a.c. voltage. On an infinitely long line, or 
one properly matched by its load, an ammeter 
inserted anywhere in the line will show the same 
current, because the ammeter averages out the 
variations in current during a cycle. It is only 
when. the line is not properly matched that the 
wave motion becomes apparent through observa- 
tions made with ordinary instruments. 


@ STANDING WAVES 


In the infinitely long line (or its matched 
counterpart) the impedance is the same at any 
point on the line because the ratio of voltage to 
current is always the same. However, the im- 
pedance at the end of the line in Fig. 13-2 is zero 
— or at least extremely small — because the line 
is short-circuited at the end. The outgoing power, 
on meeting the short-circuit, reverses its direction 
of flow and goes back along the transmission line 
toward the input end. There is a large current in 
the short-circuit, but substantially no voltage 
across the line at this point. We now have a volt- 
age and current representing the power going out- 
ward (incident power) toward the short-circuit, 


and a second voltage and current representing the 
reflected power traveling back toward the source. 

The reflected current travels at the same speed 
as the outgoing current, so its instantaneous 
value will be different at every point along the 
line, in the distance represented by the time of 
one cycle. At some points along the line the phase 
of the incident and reflected currents will be such 
that the currents cancel each other while at 
others the amplitude will be doubled. At in- 
between points the amplitude is between these 
two extremes. The points at which the currents 
are in and out of phase depend only on the time 
required for them to travel and so depend only on 
the distance along the line from the point of 
reflection. 

In the short-circuit at the end of the line the 
two current components are in phase and the 
total current is large. At a distance of one-half 
wavelength back along the line from the short- 
circuit the outgoing and reflected components 
will again be in phase and the resultant current 
will again have its maximum value. This is also 
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Fig. 13-2—Standing waves of voltage and current along 
short-circuited transmission line. 


true at any point that is a multiple of a half 
wavelength from the short-circuited end of the 
line. 

The outgoing and reflected currents will cancel 
at a point one-quarter wavelength, along the line, 
from the short-circuit. At this point, then, the 
current will be zero. It will also be zero at all 
points that are an odd multiple of one-quarter 
wavelength from the short-circuit. 

If the current along the line is measured at 
successive points with an ammeter, it will be 
found to vary about as shown in Fig. 13-2B. The 
same result would be obtained by measuring the 
current in either wire, since the ammeter cannot 
measure phase. However, if the phase could be 
checked, it would be found that in each successive 
half-wavelength section of the line the currents at 
any given instant are flowing in opposite direc- 
tions, as indicated by the solid line in Fig. 13-2C. 
Furthermore, the current in the second wire is 
flowing in the opposite direction to the current 
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in the adjacent section of the first wire. This is 
indicated by the broken curve in Fig. 13-2C. 
The variations in current intensity along the 
transmission line are referred to as standing 
waves. The point of maximum line current is 
called a current loop or current antinode and 
the point of minimum line current is called 
a current node. 


Voltage Relationships 


Since the end of the line is short-circuited, 
the voltage at that point has to be zero. This 
can only be so if the voltage in the outgoing 
wave is met, at the end of the line, by a re- 
flected voltage of equal amplitude and op- 
posite polarity. In other words, the phase of 
the voltage wave is reversed when reflection takes 
place from the short-circuit. This reversal 1s 
equivalent to an extra half cycle or half wave- 
length of travel. As a result, the outgoing and 
returning voltages are in phase a quarter wave- 
length from the end of the line, and again out of 
phase a half wavelength from the end. The stand- 
ing waves of voltage, shown at D in Fig. 13-2, are 
therefore displaced by one-quarter wavelength 
from the standing waves of current. The drawing 
at IZ shows the voltages on both wires when phase 
is taken into account. The polarity of the voltage 
on each wire reverses in each half wavelength 
section of transmission line. A voltage maximum 
is called a voltage loop or antinode and a voltage 
minimum is called a voltage node. 


Open-Circuited Line 


Tf the end of the line is open-circuited instead 
of short-circuited, there can be no current at the 
end of the line but a large voltage can exist. Again 
the incident power is reflected back toward the 
source. The incident and reflected components of 
current must be equal and opposite in phase at 
the open circuit in order for the total current at 
the end of the line to be zero. The incident and 
reflected components of voltage are in phase and 
add together. The result is again that there are 
standing waves, but the conditions are reversed 
as compared with a short-circuited line. Fig. 13-3 
shows the open-circuited line case. 
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Fig. 13-3—Standing waves of current and voltage along 
an open-circuited transmission line. 
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Fig. 13-4—Standing waves on a transmission line terminated 


in a resistive load. 


Lines Terminated in Resistive Load 


lig. 13-4 shows a line terminated in a resistive 
load. In this case at least part of the incident 
power is absorbed in the load, and so is not avail- 
able to be reflected back toward the source. Be- 
cause only part of the power is reflected, the re- 
flected components of voltage and current do not 
have the same magnitude as the incident com- — 
ponents. Therefore neither voltage nor current 
cancel completely at any point along the line. 
However, the speed at which the incident and 
reflected components travel is not affected by 
their amplitude, so the phase relationships are 
similar to those in open- or short-circuited lines. 

It was pointed out earlier that if the load re- 
sistance, Zp, 1s equal to the characteristic im- 
pedance, Zo, of the line all the power is absorbed 
in the load. In such a ease there is no reflected 
power and therefore no standing waves of current 
and voltage. This is a special case that represents 
the change-over point between ‘‘short-circuited”’ 
and “open-circuited” lines. If ZRislessthan Zo, the 
current is largest at the load, while if ZR is greater 
than Zo the voltage is largest at the load. The two 
conditions are shown at B and C, respectively, in 
Fig. 13-4. 

The resistive termination is an important 
practical case. The termination is seldom an 
actual resistor, the most common terminations 
being resonant circuits or resonant antenna sys- 
tems, both of which have essentially resistive 
impedances. If the load is reactive as well as 
resistive, the operation of the line resembles that 
shown in Fig. 13-4, but the presence of reactance 
in the load causes two modifications: The loops 
and nulls are shifted toward or away from the 
load; and the amount of power reflected back 
toward the source is increased, as compared with 
the amount reflected by a purely resistive load of 
the same total impedance. Both effects become 
more pronounced as the ratio of reactance to re- 
sistance in the load is made larger. 


Standing-Wave Ratio 


The ratio of maximum current to minimum 
current along a line, Fig. 13-5, is called the 
standing-wave ratio. The same ratio holds for 
maximum voltage and minimum voltage. It is a 
measure of the mismatch between the load and 
the line, and is equal to 1 when the line is per- 


Standing Waves 


fectly matched. (In that case the ‘‘maximum’’ 
and “minimum” are the same, since the current 
and voltage do not vary along the line.) When 
the line is terminated in a purely resistive load, 
the standing-wave ratio is 


(13-A) 


Where S.W.R. = Standing-wave ratio 
ZR = Impedance of load (must be 
pure resistance) 


Zo = Characteristic 
line 


impedance of 


Example: A line having a characteristic im- 
pedance of 300 ohms is terminated in a resis- 
tive load of 25 ohms. The s.w.r. is 


S.W.R. Sil Zoe = 12tol 
ZR 25 

It is customary to put the larger of the two 
quantities, Za or Zo, in the numerator of the 
fraction so that the s.w.r. will be expressed by a 
number larger than 1. 

It is easier to measure the standing-wave ratio 
than some of the other quantities (such as the 
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Fig. 13-5—-Measurement of standing-wave ratio. In this 
drawing, Imax is 1.5 and Imin is 0.5, so the s.w.r. = Imax/ 
Imin = 1.5 /0:5 = 3to ]. 


impedance of an antenna) that enter into trans- 
mission-line computations. Consequently, the 
s.w.r. 1S a convenient basis for work with lines. 
The higher the s.w.r., the greater the mismatch 
between line and load. In practical lines, the 
power loss in the line itself increases with the 
s.w.r., as shown later. 


@ INPUT IMPEDANCE 


The input impedance of a transmission line is 
the impedance seen looking into the sending-end 
or input terminals; it is the impedance into which 
the source of power must work when the line is 
connected. If the load is perfectly matched to the 
line the line appears to be infinitely long, as 
stated earlier, and the input impedance is simply 
the characteristic impedance of the line itself. 
However, if there are standing waves this is no 
longer true; the input impedance may have a 
wide range of values. 

This can be understood by referring to Figs. 
13-2, 13-3, or 13-4. If the line length is such that 
standing waves cause the voltage at the input 
terminals to be high and the current low, then the 


input impedance is higher than the Zp of the line, 
since impedance is simply the ratio of voltage to 
current. Conversely, low voltage and high current 
at the input terminals mean that the input im- 
pedance is lower than the line Zp. Comparison of 
the three drawings also shows that the range of 
input impedance values that may be encountered 
is greater when the far end of the line is open- or 
short-circuited than it is when the line has a 
resistive load. In other words, the higher the 
s.w.r. the greater the range of input impedance 
values when the line length is varied. 

In addition to the variation in the absolute 
value of the input impedance with line length, the 
presence of standing waves also causes the input 
impedance to contain both reactance and resist- 
ance, even though the load itself may be a pure 
resistance. The only exceptions to this occur at 
the exact current loops or nodes, at which points 
the input impedance is a pure resistance. These 
are the only points at which the outgoing and 
reflected voltages and currents are exactly in 
phase: At all other distances along the line the 
current either Jeads or lags the voltage and the 
effect is exactly the same as though a capacitance 
or inductance were part of the input impedance. 

The input impedance can be _ represented 
either by a resistance and a capacitance or by a 
resistance and an inductance. Whether the im- 
pedance is inductive or capacitive depends on the 
characteristics of the load and the length of the 
line. It is possible to represent the input im- 
pedance by an equivalent circuit having resist- 
ance and reactance either in series or parallel, so 
long as the total impedance and phase angle are 
the same in either case. 

The magnitude and character of the input im- 
pedance is quite important, since it determines 
the method by which the power source must be 
coupled to the line. The calculation of input im- 
pedance is rather complicated and its measure- 
ment is not feasible without special equipment. 
Fortunately, in amateur work it 1s.unnecessary 
either to calculate or measure it. The proper 
coupling can be achieved by relatively simple 
methods described later in this chapter, 


Lines Without Load 


The input impedance of a short-circuited or 
open-circuited line not an exact multiple of one- 
quarter wavelength long is practically a pure re- 
actance. This is because there is very little power 
lost in the line. Such lines are frequently used as 
“linear” inductances and capacitances. 

If a shorted line is less than a quarter-wave long, 
as at X in Fig. 13-2, it will have inductive reac- 
tance. The reactance increases with the line length 
up to the quarter-wave point. Beyond that, as at 
Y, the reactance is capacitive, high near the 
quarter-wave point and becoming lower as the 
half-wave point is approached. It then alternates 
between inductive and capacitive in successive 
quarter-wave sections. Just the reverse is true of 
the open-circuited line. 

At exact multiples of a quarter wavelength the 
impedance is purely resistive. It is apparent, from 
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examination of B and D in Fig. 13-2, that at 
points that are a multiple of a half wavelength — 
ie, 4%, 1, 1% wavelengths, etc. —from the 
short-circuited end of the line the current and 
voltage have the same values that they do at the 
short circuit. In other words, if the line were an 
exact multiple of a half wavelength long the gen- 
erator or source of power would ‘‘look into” a 
short circuit. On the other hand, at points that 
are an odd multiple of a quarter wavelength — 
i.e., 14, 34, 114, etc. — from the short circuit the 
voltage is maximum and the current is zero. Since 
Z = E/T, the impedance at these points is theo- 
retically infinite. (Actually itis very high, but not 
infinite. This is because the current does not actu- 
ally go to zero when there are losses in the line. 
Losses are always present, but usually are small.) 


Impedance Transformation 


The fact that the input impedance of a line de- 
pends on the s.w.r. and line length can be used to 
advantage when it is necessary to transform a 
given impedance into another value. 

Study of Fig. 13-4 will show that, just as in the 
open- and short-circuited cases, if the line is one- 
half wavelength long the voltage and current are 
exactly the same at the input terminals as they 
are at the load. This is also true of lengths that 
are integral multiples of a half wavelength. It is 
also true for all values of s.w.r. Hence the input 
impedance of any line, no matter what its Zo, that 
is a multiple of a half wavelength long is exactly 
the same as the load impedance. Such a line can 
be used to transfer the impedance to a new loca- 
tion without changing its value. 

When the line is a quarter wavelength long, or 
an odd multiple of a quarter wavelength, the 
load impedance is “‘inverted.”’ That is, if the cur- 
rent is low and the voltage is high at the load, the 
input impedance will be such as to require high 
current and low voltage. The relationship between 
the load impedance and input impedance is given 
by’ 

Zo 
ZR 


where Zs = Impedance looking into line (line 
length an odd multiple of one- 
quarter wavelength) 
Zr = Impedance of load (must be pure 
resistance) 
Zo = Characteristic impedance of line 


Z= (13-B) 


Example: A quarter-wavelength line having a 
characteristic impedance of 500 ohms is termi- 
nated in a resistive load of 75 ohms. The imped- 
ance looking into the input or sending end of 


the line is 
Zo2 2 
Bh OOO a OO and hi 
ZR 75 75 


If the formula above is rearranged. we have 
Zo = Vis@r (1326) 


This means that if we have two values of im- 
pedance that we wish to “‘match,”’ we can do so if 
we connect them together by a quarter-wave 
transmission line having a characteristic imped- 
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ance equal to the square root of their product. A 
quarter-wave line, in other words, has the charac- . 
teristics of a transformer. 


Resonant and Nonresonant Lines 


The input impedance of a line operating 
with a high s.w.r. is critically dependent on the 
line length, and resistive only when the length is 
some integral multiple of one-quarter wave- 
length. Lines cut to such a length and operated 
with a high s.w.r. are called “tuned” or ‘‘reso- 
nant”’ lines. On the other hand, if the s.w.r. is low 
the input impedance is close to the Zo of the line 
and does not vary a great deal with the line 
length. Such lines are called “‘flat,”’ or ‘‘untuned,”’ 
or “nonresonant.” 

There is no sharp line of demarcation between 
tuned and untuned lines. If the s,w.r. is below 1.5 
to 1 the line is essentially flat, and the same input 
coupling method will work with all line lengths. 
If the s.w.r. is above 3 or 4 to 1 the type of cou- 
pling system, and its adjustment, will depend on 
the line length and such lines fall into the 
‘“‘tuned”’ category. 

It is usually advantageous to make the s.w.r. 
as low as possible. A resonant line becomes 
necessary only when a considerable mismatch 
between the load and the line has to be tolerated. 
The most important practical example of this is 
when a single antenna is operated on several 
harmonically related frequencies, in which case 
the antenna impedance will have widely different 
values on different harmonics. 


@ RADIATION 


Whenever a wire carries alternating current the 
electromagnetic fields travel away into space 
with the velocity of light. At power-line frequen- 
cies the field that ‘grows’ when the current is 
increasing has plenty of time to return or “‘col- 
lapse’ about the conductor when the current is 
decreasing, because the alternations are so slow. 
But at radio frequencies fields that travel only a 
relatively short distance do not have time to get 
back to the conductor before the next cycle com- 
mences. The consequence is that some of the 
electromagnetic energy is prevented from being 
restored to the conductor; in other words, energy 
is radiated into space in the form of electromag- 
netic waves. 

The lines previously considered have consisted 
of two parallel conductors of the same diameter. 
Provided there is nothing in the system to destroy 
symmetry, at every point along the line the cur- 
rent in one conductor has the same intensity as 
the current in the other conductor at that point, 
but the currents flow in opposite directions. This 
was shown in Figs. 13-2C and 13-3C. It means 
that the fields set up about the two wires have the 
same intensity, but opposite directions. The conse- 
quence is that the total field set up about such a 
transmission line is zero; the two fields ‘cancel 
uot.” Hence no energy is radiated. 

Practically, the fields do not quite cancel out 
because for them to do so the two conductors 


Practical Line Characteristics 


would have to occupy the same space, whereas 
they are actually slightly separated. However, 
the cancelation is substantially complete if the 
distance between the conductors is very small 
compared to the wavelength. Transmission line 
radiation will be negligible if the distance between 
the conductors is 0.01 wavelength or less, pro- 
vided the currents in the two wires are balanced. 

The amount of radiation also is proportional to 
the current flowing in the line. Because of the way 


in which the current varies along the line when 
there are standing waves, the effective current, 
for purposes of radiation, becomes greater as the 
s.w.r. 1s Increased. For this reason the radiation is 
least when the line is flat. However, if the conduc- 
tor spacing is small and the currents are balanced, 
the radiation from a line with even a high s.w.r. is 
inconsequential. A small unbalance in the line 
currents is far more serious — and is just as serious 
when the line is flat as when the s.w.r. is high. 


Practical Line Characteristics 


The foregoing discussion of transmission lines 
has been based on a line consisting of two parallel 
conductors. The parallel-conductor line is but 
one of two general types, the other being the 
coaxial or concentric line. The coaxial line con- 
sists of a conductor placed in the center of a tube. 
The inside surface of the tube and the outside 
surface of the smaller inner conductor form the 
two conducting surfaces of the line. 

In the coaxial line the fields are entirely inside 
the tube, because the tube acts as a shield to pre- 
vent them from appearing outside. This reduces 
radiation to the vanishing point. So far as the elec- 
trical behavior of coaxial lines is concerned, all 
that has previously been said about the operation 
of parallel-conductor lines applies. There are, 
however, practical differences in the construction 
and use of parallel and coaxial lines. 


@ PARALLEL-CONDUCTOR LINES 


A type of parallel-conductor linesometimes used 
in amateur installations is one in which two wires 
(ordinarily No. 12 or No. 14) are supported a 
fixed distance apart by means of insulating rods 
called “spacers.” The spacings used vary from 
two to six inches, the smaller spacings being neces- 
sary at frequencies of the order of 28 Mc. and 
higher so that radiation will be minimized. The 
construction is shown in Fig. 13-6. Such a line is 
said to be air-insulated. Typical spacers are 
shown in Fig. 13-7. The characteristic impedance 
of such ‘‘open-wire”’ lines is between 400 and 600 
ohms, depending on the wire size and spacing. 

Parallel-conductor lines also are occasionally con- 
structed of metal tubing of a diameter of 1g to 4 


- No. 1/2 or /4 
ve 


Fig. 13-6—Typical construction of open-wire line. The line 

conductor fits in a groove in the end of the spacer, and is 

held in place by a tie-wire anchored in a hole near the 
groove. 


inch. This reduces the characteristic impedance 
of the line. Such lines are mostly used as quarter- 
wave transformers, when different values of im- 
pedance are to be matched. 

Prefabricated parallel-conductor line with air 
insulation, developed for television reception, can 
be used in transmitting applications. This line 
consists of two conductors separated one-half to 
one inch by molded-on spacers. The character- 
istic impedance is 300 to 450 ohms, depending on 
the wire size and spacing. 

A convenient type of manufactured line is one 
in which the parallel conductors are imbedded in 
low-loss insulating material (polyethylene). It is 
commonly used as a TV lead-in and has a charac- 


Fig. 13-7—Typical manufactured transmission lines and 
spacers. 


teristic impedance of about 300 ohms. It is sold 
under various names, the most common of which 
is ‘“T'win-Lead.” This type of line has the advan- 
tages of light weight, close and uniform conductor 
spacing, flexibility and neat appearance. How- 
ever, the losses in the solid dielectric are higher 
than in air, and dirt or moisture on the line tends 
to change the characteristic impedance. Moisture 
effects can be reduced by coating the line with 
silicone grease. A special form of 300-ohm Twin- 
Lead for transmitting uses a polyethylene tube 
with the conductors molded diametrically oppo- 
site; the longer dielectric path in such line re- 
duces moisture troubles. 

In addition to 300-ohm line, Twin-Lead is ob- 
tainable with a characteristic impedance of 75 
ohms for transmitting purposes. Light-weight 75- 
and 150-ohm Twin-Lead also is available. 
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Characteristic Impedance 


The characteristic impedance of an air-insu- 
lated parallel-conductor line is given by: 


Zo = 276 log * (13-D) 
where Z) = Characteristic impedance 
h = Center-to-center distance between 
conductors 
a = Radius of conductor (in same units 
as 5) 
It does not matter what units are used for a and b 
so long as they are the same units. Both quantities 
may be measured in centimeters, inches, etc. 
Since it is necessary to have a table of common 
logarithms to solve practical problems, the solu- 
tion is given in graphical form in Fig. 13-8 for a 
number of common conductor sizes. 

In solid-dielectric parallel-conductor lines such 
as Twin-Lead the characteristic impedance can- 
not be calculated readily, because part of the 
electric field is in air as well as in the dielectric. 


Unbalance in Parallel-Conductor Lines 


When installing parallel-conductor lines care 
should be taken to avoid introducing electrical 
unbalance into the system. If for some reason the 
current in one conductor is higher than in the 
other, or if the currents in the two wires are not 
exactly out of phase with each other, the electro- 
magnetic fields will not cancel completely and a 
considerable amount of power may be radiated 
by the line. 

Maintaining good line balance requires, first of 
all, a balanced load at its end. For this reason the 
antenna should be fed, whenever possible, at a 
point where each conductor “sees” exactly the 
same thing. Usually this means that the antenna 
system should be fed at its electrical center. How- 
ever, even though the antenna appears to be sym- 
metrical, physically, it can be unbalanced elec- 
trically if the part connected to one of the line 

800 
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Fig. 13-8—Chart showing the characteristic impedance 
of spaced-conductor parallel transmission lines with air 
dielectric. Tubing sizes given are for outside diameters. 
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conductors is coupled to something (such as 
house wiring or a metal pole or roof) that is not 
duplicated on the other part of the antenna. 
Every effort should be made to keep the antenna 
as far as possible from other wiring or sizable 
metallic objects. The transmission line itself will 
cause some unbalance if it is not brought away 
from the antenna at right angles to it for a dis- 
tance of at least a quarter wavelength. 

In installing the line conductors take care to 
see that they are kept away from metal. The 
minimum separation between either conductor 
and all other wiring should be at least four or five 
times the conductor spacing. The shunt capaci- 
tance introduced by close proximity to metallic 
objects can drain off enough current (to ground) 
to unbalance the line currents, resulting in in- 
creased radiation. A shunt capacitance of this sort 
also constitutes a reactive load on the line, caus- 
ing an impedance “bump” that will prevent mak- 
ing the line actually flat. 


@ COAXIAL LINES 


The most common form of coaxial line consists 
of either a solid or stranded-wire inner conductor 
surrounded by polyethylene dielectric. Copper 
braid is woven over the dielectric to form the 
outer conductor, and a waterproof vinyl covering 
is placed on top of the braid. This cable is made 
in a number of different diameters. It is moder- 
ately flexible, and so is convenient to install. 
Some different types are shown in Fig. 13-8. This 
solid coaxial cable is commonly available in im- 
pedances approximating 50 and 70 ohms. 

Air-insulated coaxial lines have lower losses 
than the solid-dielectric type, but are rarely used 
in amateur work because they are expensive and 
difficult to install as compared with the flexible 
cable. The common type of air-insulated coaxial 
line uses a solid-wire conductor inside a copper 
tube, with the wire held in the center of the tube 
by means of insulating “beads” placed at regular 
intervals. 


Characteristic Impedance 


The characteristic impedance of an air-insu- 
lated coaxial line is given by the formula 
Zo = 138 log - (13-E) 
where Zp = Characteristic impedance 
b = Inside diameter of outer conductor 
a = Outside diameter of inner conductor 
(in same units as b) 

The formula for coaxial lines is approximately 
correct for lines in which bead spacers are used, 
provided the beads are not too closely spaced. 
When the line is filled with a solid dielectric, the 
characteristic impedance as given by the formula 


should be multiplied by 1/WK, where K is the 
dielectric constant of the material. 


@ ELECTRICAL LENGTH 


In the discussion of line operation earlier in 
this chapter it was assumed that currents tray-, 


Transmission-Line Data 


TABLE 13-I 


Transmission-Line Data 


Charac- 
teristic 
Imped- 
ance 


Air-insulated| 50-100 
RG-8/U 53 
RG-58/U 53 
RG-11/U 

RG-59/U 


Parallel- | Air-insulated| 200-600 

Condue:- | 214—0803 75 

-- tor 214-0233 75 
214-0793 150 
214-0563 300 
214-0763 300 
214-0223 300 


1 Average figure for small-diameter lines with ceramic beads. 

2 Average figure for lines insulated with ceramic spacers at 
intervals of a few feet. 

3 Amphenol type numbers and data. Line similar to 214-056 
is made by several manufacturers, but rated loss may differ 
from that given in Fig. 13-11. Types 214-023, 214-076, and 
214-022 are made for transmitting applications. 


Capaci- 
tance 
per foot; 


Description 
or Type 
Number 


Velocity 


Type Factor 


Coaxial 


eled along the conductors at the speed of light. 
Actually, the velocity is somewhat less, the reason 
being that electromagnetic fields travel more 
slowly in material dielectrics than they do in free 
space. In air the velocity is practically the same 
as in empty space, but a practical line always has 
to be supported in some fashion by solid insulat- 
ing materials. The result is that the fields are 
slowed down; the currents travel a shorter dis- 
tance in the time of one cycle than they do in 
space, and so the wavelength along the line is less 
than the wavelength would be in free space at the 
same frequency. 


ESS Re ee 


Whenever reference is made to a line as being 
so many wavelengths (such as a ‘“‘half wave- 
length” or ‘‘quarter wavelength’’) long, it is to 
be understood that the electrical length of the line 
is meant. Its actual physical length as measured 
by a tape always will be somewhat less. The 
physical length corresponding to an electrical 
wavelength is given by 

Length in feet = = 
where f = Frequency in megacycles 
V = Velocity factor 


(13-F) 


The velocity factor is the ratio of the actual 
velocity along the line to the velocity in free 
space. Values of V for several common types of 
lines are given in Table 13-I. 


Example: A 75-foot length of 300-ohm Twin- 
Lead is used to carry power to an antenna at a 
frequency of 7150 kc. From Table 13-I, V is 0.82. 
At this frequency (7.15 Mc.) a wavelength is 


984V 984 


Length (feet) = peas = aT x -0.82 


= 137.6 X 0.82 = 112.8 ft. 


The line length is therefore 75/112.8 = 0.665 
wavelength. 


Because a quarter-wavelength line is _fre- 
quently used as a linear transformer, it is con- 
venient to calculate the length of a quarter-wave 
line directly. The formula is 


246V 


Length (feet) = aes (13-G) 


where the symbols have the same meaning as 
above. 
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@ LOSSES IN TRANSMISSION LINES 


There are three ways by which power may be 
lost in a transmission line: by radiation, by heat- 
ing of the conductors (17? loss), and by heating 
of the dielectric, if any. Radiation losses are in 
general the result of “antenna currents” on the 
line, resulting from undesired coupling to the 
radiating antenna. They cannot readily be esti- 
mated or measured, so the following discusssion is 
based only on conductor and dielectric losses. 

Heat losses in both the conductor and the 
dielectric increase with frequency. Conductor 
losses also are greater the lower the characteristic 
impedance of the line, because a higher current 
flows in a low-impedance line for a given power 
input. The converse is true of dielectric losses 
because these increase with the voltage, which is 
_ greater on high-impedance lines. The dielectric 
loss in air-insulated lines is negligible (the only 
loss is in the insulating spacers) and such lines 
operate at high efficiency when radiation losses 
are low. 

It is convenient to express the loss in a trans- 
mission line in decibels per unit length, since the 
loss in db. is directly proportional to the line 
length. Losses in various types of lines operated 
without standing waves (that is, terminated in a 
resistive load equal to the characteristic imped- 
ance of the line) are given in graphical form in 
Fig. 138-9. In these curves the radiation loss is 
assumed to be negligible. 

When there are standing waves on the line the 
power loss increases as shown in Fig. 13-10. 
Whether or not the increase in loss is serious de- 
pends on what the original loss would have been 
if the line were perfectly matched. If the loss with 
perfect matching is very low, a large s.w.r. will 
not greatly affect the efficiency of the line —i.e., 
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the ratio of the power delivered to the load to the 
power put into the line. 


Example: A 150-foot length of RG-11/U cable 
is operating at 7 Mc. with a 5-to-1 s.w.r. If per- 
fectly matched, the loss from Fig. 13-9 would 
be 1.5 X 0.4 =0.6 db. From Fig. 18-10 the 
additional loss because of the s.w.r. is 0.73 db. 
The total loss is therefore 0.6 + 0.73 = 1.33 db. 


An appreciable s.w.r. on a solid-dielectric line 
may result in excessive loss of power at the 
higher frequencies. Such lines, whether of the 
parallel-conductor or coaxial type, should be 
operated as nearly flat as possible, particularly 
when the line length is more than 50 feet or so. 


ADDITIONAL LOSS IN DB. CAUSED BY STANDING WAVES 


02 03 04 0506 Q8 10 2 3 


LINE LOSS IN DB. WHEN MATCHED 


Fig. 13-10—Effect of standing-wave ratio on line loss. 
The ordinates give the additional loss in decibels for the 
loss, under perfectly matched conditions, shown on the 
horizontal scale. 


Loads and Balancing Devices 


The most important practical load for a trans- 
mission line is an antenna which, in most cases, 
will be “‘balanced’’ — that is, symmetrically con- 
structed with respect to the feed point. Aside 
from considerations of matching the actual im- 
pedance of the antenna at the feed point to the 
characteristic impedance of the line (if such 
matching is attempted) a balanced antenna 
should be fed through a balanced transmission 
line in order to preserve symmetry with respect 
to ground and thus avoid difficulties with un- 
balanced currents on the line. Such currents, as 
pointed out earlier in this chapter, will result in 
undesirable radiation from the transmission line 
itself. 

If, as is often the case, the antenna is to be fed 
through coaxial line (which is inherently un- 
balanced) some method should be used for con- 
necting the line to the antenna without upsetting 
the symmetry of the antenna itself. This requires 
a circuit that will isolate the balanced load from 
the unbalanced line while providing efficient 
power transfer. Devices for doing this are called 
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baluns. The types used between the antenna and 
transmission line are generally “linear,” consist- 
ing of transmission-line sections as described in 
Chapter 14. 

The need for baluns also arises in coupling a 
transmitter to a balanced transmission line, since 
the output circuits of most transmitters have one 
side grounded. (This type of output circuit is 
desirable for a number of reasons, including TVI 
reduction.) The most flexible type of balun for 
this purpose is the inductively coupled matching 
network described in a subsequent section in this 
chapter. This combines impedance matching 
with balanced-to-unbalanced operation, but has 
the disadvantage that it uses resonant circuits 
and thus can work over only a limited band of 
frequencies without readjustment. However, if a 
fixed impedance ratio in the balun can be toler- 
ated, the coil balun described below can be used 
without adjustment over a frequency range of 
about 10 to 1 — 3 to 30 Mc., for example. Alter- 
natively, a similarly wide band can be covered 
by a properly designed transformer (with the 
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same impedance limitation) but the design prin- 
ciples and materials used in such transformers 
are quite specialized. Their construction is beyond 
the scope of this Handbook. 


Coil Baluns 


The type of balun known as the ‘coil balun”’ 
is based on the principles of a linear transmission- 
line balun as shown in the upper drawing of Fig. 
13-11. Two transmission lines of equal length 
having a characteristic impedance Zo are con- 
nected in series at one end and in parallel at the 
other. At the series-connected end the lines are 
balanced to ground and will match an impedance 
equal to 2Z). At the parallel-connected end the 
lines will be matched by an impedance equal to 
Z /2. One side may be connected to ground at 
the parallel-connected end, provided the two 
lines have a length such that, considering each 
line as a single wire, the balanced end is effec- 
tively decoupled from the parallel-connected end. 
This requires a length that is an odd multiple of 
44 wavelength. The impedance transformation 
from the series-connected end to the parallel- 
connected end is 4 to 1. 

A definite line length is required only for de- 
coupling purposes, and so long as there is ade- 
quate decoupling the system will act as a 4-to-1l 
impedance transformer regardless of line length. 
If each line is wound into a coil, as in the lower 
drawing, the inductances so formed will act as 
choke coils and will tend to isolate the series- 
connected end from any ground connection that 
may be placed on the parallel-connected end. 
Balun coils made in this way will operate over a 
wide frequency range, since the choke inductance 
is not critical. The lower frequency limit is where 
the coils are no longer effective in isolating one 
end from the other; the length of line in each coil 
should be about equal to a quarter wavelength at 
the lowest frequency to be used. 

The principal application of such coils is in 
going from a 300-ohm balanced line to a 75-ohm 
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Fig. 13-11—Baluns for matching between push-pull and 
single-ended circuits. The impedance ratio is 4 to 1 from 
the push-pull side to the unbalanced side. Coiling the lines 
as shown in the lower drawing increases tne frequency 
range over which satisfactory operation is obtained. 


coaxial line. This requires that the Zo of the lines 
forming the coils be 150 ohms. Design data for 
winding the coils is not available; however, 
Equation 18-D can be used for determining the 
approximate wire spacing. Allowance should be 
made for the fact that the effective dielectric 
constant will be somewhat greater than 1 if the 
coil is wound on a form. The proximity effect 
between turns can be reduced by making the turn 
spacing somewhat larger than the conductor 
spacing. For operation at 3.5 Me. and higher fre- 
quencies the length of each conductor should be 
about 60 feet. The conductor spacing can be ad- 
justed to the proper value by terminating each 
line in a noninductive 150-ohm resistor and 
adjusting the spacing until an impedance bridge 
atthe input end shows the line to be matched 
to 150 ohms. 

A balun of this type is simply a fixed-ratio 
transformer, when matched. It cannot compen- 
sate for inaccurate matching elsewhere in the 
system. With a “300-ohm”’ line on the balanced 
end, for example, a 75-ohm coax cable will not 
be matched unless the 300-ohm line actually is 
terminated in a 300-ohm load. 


& NONRADIATING LOADS 


Typical examples of nonradiating loads for a 
transmission line are the grid circuit of a power 
amplifier (considered in the chapter on trans- 
mitters), the input circuit of a receiver, and an- 
other transmission line. This last case includes 
the ‘“‘antenna tuner’’ — a misnomer because it is 
actually.a device for coupling a transmission line 
to the transmitter. Because of its importance in 
amateur installations, the antenna coupler is 
considered separately in a later part of this 
chapter. 


Coupling to a Receiver 


A good match between an antenna and its 
transmission line does not guarantee a low stand- 
ing-wave ratio on the line when the antenna sys- 
tem is used for receiving. The s.w.r. is determined 
wholly by what the line ‘‘sees”’ at the receiver’s 
antenna-input terminals. For minimum s.w.r. 
the receiver input circuit must be matched to the 
line. The rated input impedance of a receiver is a 
nominal value that varies over a considerable 
range with frequency. Methods for bringing about 
a proper match are discussed in the chapter on re- 
ceivers. 

The most desirable condition is that in which 
the receiver is matched to the line Zo and the line 
in turn is matched to the antenna. This transfers 
maximum power from the antenna to the receiver 
with the least loss in the transmission line. 


Coupling the Transmitter to the Line 


The type of coupling system that will be needed 
to transfer power adequately from the final r.f. 
amplifier to the transmission line depends almost 
entirely on the input impedance of the line. As 
shown earlier in this chapter, the input impedance 
is determined by the standing-wave ratio and the 


line length. The simplest case is that where the 
line is terminated in its characteristic impedance 
so that the s.w.r.is 1 to 1 and the input impedance 
is equal to the Zo of the line, regardless of line 
length. 

Coupling systems that will deliver power into a 
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flat line are readily designed. For all practical 
purposes the line can be considered to be flat if 
the s.w.r. is no greater than about 1.5 to 1. That 
is, a coupling system designed to work into a pure 
resistance equal to the line Zp will have enough 
leeway to take care of the small variations in 
input impedance that will occur when the line 
length is changed, if the s.w.r. is higher than | to 
1 but no greater than 1.5 to 1. 

Current practice in transmitter design is to 
provide an output circuit that will work into 
such a line, usually a coaxial line of 50 to 75 
ohms characteristic impedance. The design of 
such output circuits is discussed in the chapter 
on high-frequency transmitters. If the input im- 
pedance of the transmission line that is to be 
connected to the transmitter differs appreciably 
from the value of impedance into which the 
transmitter output circuit is designed to operate, 
an impedance-matching network must be in- 
serted between the transmitter and the line input 
terminals, 


é IMPEDANCE-MATCHING CIRCUITS 
FOR PARALLEL CONDUCTOR LINES 


As shown earlier in this chapter, the imput 
impedance of a line that is operating with a high 
standing-wave ratio can vary over quite wide 
limits. The simplest type of circuit that will 
match such a range of impedances to 50 to 75 
ohms is a parallel-tuned circuit approximately 
resonant at the operating frequency. In its ordi- 
nary form, such a circuit will be connected to a 
short length of coaxial line or “‘link”’ by inductive 
coupling as shown in Fig. 13-12, the other end 
of the cable being attached to the output termi- 
nals of the transmitter. The cable may be any 
convenient length if the impedance that it ‘“‘sees”’ 
at the matching circuit is equal to its own 
characteristic impedance. This method has the 
further advantage that the coaxial link offers 
an ideal spot for the insertion of a low-pass 
filter for preventing harmonic interference to 
television and f.m. reception. 


TO 
TRANS. 


Ef 


SET-UP FOR INITIAL ADJUSTMENT 


Fig. 13-12—Matching circuits using a coaxial link, for use 

with parallel-conductor transmission lines. Adjustment setup 

using ans.w.r. bridge is shown in the lower drawing. Design 

considerations and method of adjustment are discussed 
in the text. 
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The constants of the tuned circuit Cyl are 
not particularly critical; the principal require- 
ment is that the circuit must be capable of being 
tuned to the operating frequency. Constants 
similar to those used in the plate tank circuit 
will be satisfactory. The construction of L; must 
be such that it can be tapped at least every 
turn. Ly must be tightly coupled to Ly, and the 
inductance of Ly should be approximately the 
value that gives a reactance equal to the Zo of 
the connecting line at the frequency in use. An 
average reactance of about 60 ohms will suffice 
for either 52- or 75-ohm coaxial line. . 

The most satisfactory way to set up the system 
initially is to connect a coaxial s.w.r. bridge in 
the link as shown in Fig. 13-12. The ‘‘Moni- 
match” type of bridge, which can handle the full 
transmitter power and may be left in the line for 
continuous monitoring, is excellent for this pur- 
pose. However, a simple resistance bridge such 
as is described in the chapter on measurements 1s 
perfectly adequate, requiring only that the trans- 
mitter output be reduced to a very low value so 
that the bridge will not be overloaded. To adjust 
the circuit, take a trial position of the line taps 
on Ly, keeping them equidistant from the center 
of the coil, and adjust C; for minimum s.w.r. as 
indicated by the bridge. If the s.w.r. is not close 
to 1 to 1, try new tap positions and adjust Cy 
again, continuing this procedure until the s.w.r. is 
practically 1 to 1. The setting of C, and the tap 
positions may then be logged for future reference. 
At this point, check the link s.w.r. over the fre- 
quency range normally used in that band, without 
changing the setting of C;. No readjustment will 
be required if the s.w.r. does not exceed 1.5 to 1 
over the range, but if it goes higher it is advisable 
to note as many settings of C; as may be nec- 
essary to keep the s.w.r. below 1.5 to 1 at any part 
of the band. Changes in the link s.w.r. are caused 
chiefly by changes in the s.w.r. on the main trans- 
mission line with frequency, and relatively little 
by the coupling circuit itself. A single setting of 
(; at mid-frequency will suffice if the antenna 
itself is broad-tuning. 

If it is impossible to get a 1-to-1 s.w.r. at any 
settings of the taps or Cj, the s.w.r. on the main 
transmission line is high and the line length is 
probably unfavorable. Ordinarily there should be 
no difficulty if the transmission-line s.w.r. is not 
more than about 3 to 1, but if the line s.w.r. is 
higher it may not be possible to bring the link 
s.w.r. down except by using the methods for re- 
actance compensation described in a subsequent 
section of this chapter. 

The matching adjustment can be considerably 
facilitated by using a variable capacitor in series 
with the matching-circuit coupling coil as shown 
in Fig. 13-13. The additional adjustment thus 
provided makes the tap settings on Ly much less 
critical since varying C2 has the effect of varying 
the coupling between the two circuits. For op- 
timum control of coupling, Ly should be some- 
what larger than when Cy, is not used — perhaps 
twice the reactance recommended above — and 
the reactance of Co at maximum capacitance 
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Fig. 13-13—Using a series capacitor for control of coup- 
ling between the link and Sine circuits with the coax- 
coupled matching circuit. 


should be the same as that of Le at the operating 
frequency. L; and C; are the same as before. The 
method of adjustment is the same, except that 
for each trial tap position C, and C> are alter- 
nately adjusted, a little at a time, until the s.w.r. 
is brought to its lowest possible value. In general, 
the adjustment sought should be the one that 
keeps C2 at the largest possible capacitance, since 
this broadens the frequency response. Also, the 
taps on L; should be kept as far apart as possible, 
while still permitting a match, since this also 
broadens the frequency response of the circuit. 

Once the matching circuit is properly adjusted, 
the s.w.r. bridge may be removed, if necessary, 
and full power applied to the transmitter. The 
power input should be adjusted by the coupling 
or loading control built into the transmitter, not 
by making any changes in the matching-circuit 
adjustments. If an amplifier having a parallel- 
tuned tank circuit will not load properly, tuned 
coupling should be used into the coax link. 

It is possible to use a circuit of this type with- 
out initially setting it up with the s.w.r. bridge. 
In such a case it is a matter of cut-and-try until 
adequate power transfer between the amplifier 
and main transmission line is secured. However, 
this method frequently results in a high s.w.r. 
in the link, with consequent power loss, “hot 
spots” in the coaxial cable, and tuning that is 
critical with frequency. The bridge method is 
simple and gives the optimum operating condi- 
tions quickly and with certainty. 


Untuned Coupling 


A simple coil can be used for coupling to a line 
having a high standing-wave ratio providing the 
line length is adjusted so there is a current loop 
near the point where it connects to the pick-up 
coil. The coupling will be maximum, for a given 
degree of separation between the pick-up coil and 
the amplifier tank coil, if the line is pruned to a 
length such that the input impedance is just suffi- 
ciently capacitive to cancel the inductive react- 
ance of the pick-up coil. This can be done by cut- 
and-try. The higher the s.w.r. on the line the 
easier it becomes to load the amplifier with loose 
coupling between the two coils. The sharper the 
antenna and the higher the line s.w.r. the more 
difficult it becomes to operate with this system 
over a band without progressively changing the 
line length. 


Series and Parallel Tuning 


Lines classified as ‘‘tuned”’ or ‘‘resonant”’ — 
i.e., cut to lengths approximately equal to integral 


multiples of one-quarter wavelength, and oper- 
ating with a high standing-wave ratio — are char- 
acterized by having either very high or very low 
input impedances. Also, the input impedances of 
such lines are essentially resistive. 

Under these conditions the circuit arrange- 
ments shown in Fig. 13-14 will work satisfactorily. 
Their advantage over the circuit of Fig. 13-12 is 
that it is not necessary to provide for taps on 
the matching-circuit coil, Ly. “Series”? tuning 
is used when a current loop occurs at or near 
the input end of the line; i.e., when the input 
impedance is low. ‘Parallel’ tuning is used when 
there is a voltage loop at or near the input end; 
i.e., when the input impedance is high. 

In the series case, the circuit formed by Ly, Cy 
and CC», with the line terminals short-circuited 
should tune to the operating frequency. Cy and Co 
should be maintained at equal capacitance. In the 
parallel case, the circuit formed by LZ; and Cy 
should tune to resonance with the line dis- 
connected. 

The L/C ratio in either circuit depends on the 
transmission line.Zp and the standing-wave ratio. 
With series tuning, a high L/C ratio must be 
used if the s.w.r. is relatively low and the line Zo 
is high. With parallel tuning, a low L/C ratio 
must be used if the s.w.r. is relatively low and the 
transmission-line Zo also is low. With either 
series or parallel tuning the L/C ratio becomes 
less critical when the s.w.r. is high. As a first ap- 
proximation, coil and capacitor values of the 
same order as those used in the plate tank circuit 
may be tried. The coupling coil, Le, should have 
a reactance about equal to the Zo of the coaxial 
line, just as in the case of the circuit of Fig. 
13-14. The coupling between LZ; and Le should 
be continuously adjustable. 

A balanced capacitor is used in the parallel 
circuit, in preference to a single unit. An alterna- 
tive scheme to maintain balance is to use two 
single-ended capacitors in parallel, but with the 
frame of one connected to one side of the line and 
the frame of the other connected to the other side 
of the line. The same two capacitors may be 
switched in series when series tuning is to be used. 

As an alternative to adjustable coupling be- 
tween L; and Lz, fixed coupling may be used and 
a variable capacitor connected in series with Le 
as shown in Fig. 13-13. 


TO 
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Fig. 13-14—Link-coupled series and parallel tuning. 
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These circuits should be set up and adjusted 
in the same way as the tapped matching circuit, 
Fig. 13-12. That is, an s.w.r. bridge should be 
used to indicate the impedance match, which is 
brought about by alternately adjusting C; and 
the coupling between L; and Le until the bridge 
shows a null. 

In the event that there is difficulty in bringing 
the s.w.r. down to 1 to 1 in the coaxial link, the 
probable cause is that the input impedance of 
the transmission line is neither very high nor 
very low. In such a case, if series tuning does not 
work it may pay to try parallel tuning, and vice 
versa. If a match cannot be secured with either, 
the circuit should be changed to that of Fig. 13-14. 


Adjustment Without the S.W.R. Bridge 


Use of the s.w.r. bridge with the circuits de- 
scribed above is the only certain way of arriving 
at optimum adjustments. However, if a bridge 
is not available, the transmitter usually can be 
made to take the proper load by a cut-and-try 
method of adjustment. In the case of Fig. 13-12, 
take a trial position of the taps fairly close to 
the center of L;. With loose coupling between 
Ly and Leg (this may be controlled either by 
adjustment of the mutual inductance or by 
means of the series capacitor Co) and with the 
amplifier plate tank circuit tuned to resonance 
as indicated by the plate-current dip, vary C1 
until a setting is found that causes the plate 
current to rise to a peak. This peak should be 
less than the expected normal loaded plate cur- 
rent. Then increase the coupling between L; and 
Ly, readjust C; for maximum plate current, and 
readjust the amplifier tank for the plate-current 
dip. Continue until the amplifier is fully loaded 
at the plate-current dip, increasing the coupling 
between the transmitter tank and the coax line 
if necessary to obtain full loading. Then spread 
the taps on Ly, a little farther apart and go 
through the same procedure. The object is to 
use the widest spread between taps that will 
permit proper loading of the transmitter. 

The procedure with series or parallel tuning is 
similar except that there are no taps to adjust. 
If full loading cannot be secured with either, the 
circuit should be changed to Fig. 13-12. 

Although this cut-and-try method generally 
will lead to adequate transmitter loading, the 
adjustments seldom are optimum from the stand- 
point of low s.w.r. in the coax link. This may 
lead to excessive power dissipation in the link, 
with overheating the result. Also, the loading 
may change more rapidly with small frequency 
changes than would be the case with a matching 
circuit adjusted for optimum performance with 
the aid of the s.w.r. bridge. 


Lines of Random Length 


Series or parallel tuning will always work 
satisfactorily with lines having a high standing- 
wave ratio so long as either a current loop or node 
occurs at the input end of the transmission line. 
This will be the case if the antenna is resonant 
and the line length is a multiple of one-quarter 
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wavelength. However, it is not always possible 
to couple satisfactorily when intermediate line 
lengths are used. This is because at some lengths 
the input impedance of the line has a considerable 
reactive component, and because the resistive 
component is too large to be connected in series 
with a tuned circuit and too small to be connected 
in parallel. 

The coupling system shown in Fig. 13-12 is 
capable of handling the resistive component of 
the input impedance of the transmission lines 
used in most amateur installations, regardless of 
the standing-wave ratio on the line. Conse- 
quently, it can generally be used wherever either 
series or parallel tuning would normally be called 
for, simply by setting the taps properly on the 
coil. (A possible exception is where the s.w.r. is 
considerably higher than 10 to 1 and the line 
length is such as to bring a current loop at the 
input end. In such a case the resistance may be 
only a few ohms, which is difficult to match by 
means of taps on a coil.) 

Within limits, the same circuit is capable of 
being adjusted to compensate for the reactive 
component of the input impedance; this merely 
means that a 1-to-1 s.w.r. in the link will be ob- 
tained at a different setting of C; than would 
be the case if the line “looked like’ a pure 
resistance. Sometimes, however, C, does not 
have enough range available to give complete 
compensation, particularly when (as is the case 
with some line lengths when the s.w.r. is high) 
the input impedance is principally reactive. 

Under such conditions it is necessary, if the 
line length cannot be changed to a more satis- 
factory value, to provide additional means for 
compensating for or ‘‘canceling out” the reactive 
component of the input impedance. As described 
earlier in this chapter, the input impedance can 
be considered to be equivalent to a circuit con- 
sisting either of resistance and inductance or 
resistance and capacitance. It is generally more 
convenient to consider these elements as a parallel 
combination. If the line appears inductive, a 
suitable capacitance in parallel will resonate the 
circuit. The resistive impedance that remains can 
easily be matched to the coax link by means of 
the circuit of Fig. 13-12. 


Fig. 13-15—Reactance cancellation on random-length 
lines having a high standing-wave ratio. 


Matching to Coaxial Lines 


The practical application of this principle is 
shown in Fig. 13-15, where LZ and C are the react- 
-- ances required to cancel out the line reactance, 
-L for cases where the line is capacitive, C for lines 
having inductive reactance. The amount of either 
inductance or capacitance required is easily de- 
termined by trial, using the s.w.r. bridge in the 
coax link. First disconnect the main transmission 
line from LZ, and connect a noninductive resistor 
in its place. A 1l-watt carbon resistor of about 
the same resistance as the line Z will do, if a 
low-power bridge of the resistance type is used. 
With the ‘‘Monimatch”’ bridge, a suitable load 
may be made by connecting carbon resistors in 
parallel; for example, five 1500-ohm 2-watt re- 
sistors in parallel will make a 300-ohm load 
capable of handling 10 watts of r.f. Adjust the 
coil taps and C; for a 1-to-1 standing-wave ratio 
in the link, as described earlier. This determines 
the proper setting of Cy for a purely resistive 
- load. Then take off the resistor and connect the 
line, again adjusting the taps and C; to make 
the s.w.r. as low as possible, and compare the 
new setting of Cy with the original setting. If the 
capacitance has increased, the line reactance is 
inductive and a capacitor must be connected at C 
in Fig. 13-15. The amount of capacitance needed 
to bring the proper setting of C; near the original 
setting can be determined by trial. On the other 
_ hand, if the capacitance of Cy is less than the 
original, an inductance must be connected at LD. 
Trial values will show when the proper tuning 
conditions have been reached. 

It is not necessary that C; be at exactly the 
original setting after the compensating reactance 
has been adjusted; it is sufficient that it be in the 
same vicinity. 

_ Using this procedure practically any length of 
line can be coupled properly to the transmitter, 
even when the line s.w.r. is quite high. Unfortu- 
nately, no specific values can be suggested for 
L and C, since they vary widely with Zo, line 
length and s.w.r. Their values usually are com- 


parable with the values used in the regular cou- | 


pling circuits at the same frequency. 


& MATCHING TO COAXIAL LINES 


Coaxial transmission lines usually are (or at 
least should be) operated at a low-enough stand- 
ing-wave ratio so that no special matching cir- 
- cuits are needed; the line simply may be con- 
nected to the transmitter output terminals. A 
properly designed transmitter output circuit (see 
chapter on high-frequency transmitters) will be 
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Fig. 13-16—Inductively coupled matching circuit for cou- 

pling between coaxial lines. The principles are the same 

as in Fig. 13-12; the secondary circuit is simply made 
single-ended for use with a coaxial transmission line. 


capable of handling variations in s.w.r. that are 
acceptable from the standpoint of line losses. 

However, there are cases where it becomes 
necessary to provide some frequency selectivity 
between the transmitter and antenna system in 
order to prevent undesirable radiation of har- 
monics. A matching circuit of the same general 
type as those discussed above can provide a 
considerable degree of selectivity in addition to 
matching the input impedance of the trans- 
mission line to the Zo of the coaxial link. The 
difference in the circuit arrangement is simply 
that the secondary or output side need not be 
balanced with respect to ground. 

Fig. 13-16 shows a typical circuit. Except for 
the fact that there is only one coil tap, the 
design considerations and adjustment procedure 
are the same as described for Fig. 13-12. Also, 
the series capacitor, Co, shown in Fig. 13-13 
may be used with this circuit for fine variation 
of the effective coupling between ZL; and Lz. 
Constants for the circuit ZC; are not critical; 
any convenient values that will tune to the 
operating frequency may be used. The Q of 
this circuit, and hence the selectivity, is con- 
trolled principally by the position of the line 
tap. As the tap is moved farther up the coil the 
Q and selectivity decrease. 

The practical matching circuits described in 
the following section may be used with coaxial 
line simply by connecting the outer conductor 
of the line to the center of the coil and tapping 
the inner conductor along one side. The balanced 
circuit may still be used, although if the coupler 
is to be used only ak coaxial line the circuit 
may be made single-ended as shown in Fig. 13-16. 


““Half-wave’’ Filters 
for Harmonic Suppression 
If impedance matching is not a consideration 
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Fig. 13-17—Half-wave filter for harmonic suppression. 
The two sections of the filter should be shielded from each 
other as indicated by the dashed line, and the whole filter 
should be constructed in a shield enclosure to insure effec- 
tive operation. A separate filter is required for each 
amateur band. All capacitors have the same value, as do 
all inductors, for a given band. Suggested constants are 
as follows: 


Capacitance 


Band Inductance 
3.5 Mc. 820 upf. 2.2 wh. 

7 Mc. 390 up. 1.3 wh. 
14 Mc, 220 up. 0.57 wh. 
21 Mc. 150 up. 0.375 wh. 
28 Mc. 100 pp. 0.3 yh. 


Design is based on standard values of fixed mica capac- 
itors. Larger capacitances may be made up by using 
smaller-capacitance units in parallel, if necessary. See 
text for voltage ratings. Inductances may be adjusted to 
proper value by resonating to center of band with the 
capacitance value given in the above table. 
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—1i.e., the transmission line to the antenna is 
operating at a low s.w.r.— but harmonic sup- 
pression is desirable, the circuit of Fig. 13-17 
may be used as an alternative to Fig. 13-16. 
This is a ‘“‘half-wave’’ filter circuit, so called 
because it has similar properties to a half-wave 
transmission line. When inserted in a line, the 
impedance at the input terminals of the filter 
is the same impedance that the filter ‘‘sees”’ at 
its output terminals. Thus if the line input im- 
pedance is a pure resistance of 50 ohms, the 
impedance at the filter input terminals also will 
be 50 ohms. 

Just as in the half-wave line case, the charac- 
teristic impedance of the filter can be any value 
without altering its performance with respect to 
input and output impedance. However, it is 
desirable in the interests of broad-band operation 
to make the filter characteristic impedance ap- 
proximately the same as the Zo of the line. 
The constants given in Fig. 13-17 will serve for 
either 50- or 75-ohm line. The filter can be used 


without adjustment at any frequency within 
the amateur band for which it is designed. 

The capacitance values required are fairly 
large, but under the assumed conditions (low 
s.w.r. on the line, filter Zo approximately equal 
to line Zo) the voltages across the capacitors 
are low. Mica capacitors having a voltage rating 
suitable for the power level are satisfactory. 


The peak rating required is equal to W/2PZo, 
where P is the r.f. power and Zp is the charac- 
teristic impedance of the line. This value should 
be doubled for 100 per cent amplitude modula- 
tion, and it is advisable to allow a safety factor 
in addition. A rating of 1500 volts d.c. will be 
sufficient for a kilowatt a.m. transmitter if the 
line is well matched by the antenna. 

The attenuation of a filter of this type is 
about 30 db. at the second harmonic and greater 
at higher harmonics, until limited by self- 
resonances at high frequencies that occur in the 
inductors. These usually are not important at 
harmonics below the fourth. 


Coupler or Matching-Circuit Construction 


The design of matching or “antenna coupler” 
circuits has been covered in the preceding section, 
and the adjustment procedure also has been out- 
lined. Since circuits of this type are most fre- 
quently used for transferring power from the 
transmitter to a parallel-conductor transmission 
line, a principal point requiring attention is that 
of maintaining good balance to ground. If the 
coupler circuit is appreciably unbalanced the 
currents in the two wires of the transmission line 
will also be unbalanced, resulting in radiation 
from the line. 

In most cases the matching circuit will be 
built on a metal chassis, following common 
practice in the construction of transmitting units. 
The chassis, because of its relatively large area, 
will tend to establish a “ground”? — even though 
not actually grounded — particularly if it is 
assembled with other units of the transmitter in a 
rack or cabinet. The components used in the 
coupler, therefore, should be placed so that they 
are electrically symmetrical with respect to the 


chassis and to each other. 

In general, the construction of a coupler circuit 
should physically resemble the tank layouts used 
with push-pull amplifiers. In parallel-tuned cir- 
cuits a split-stator capacitor should be used. The 
capacitor frame should be insulated from the 
chassis because, depending on line length and 
other factors, harmonic reduction and line bal- 
ance may be improved in some cases by ground- 
ing and in others by not grounding. It is therefore 
advisable to adopt construction that permits 
either. Provision also should be made for ground- 
ing the center of the coil, for the same reason. The 
coil in a parallel-tuned circuit should be mounted 
so that its hot ends are symmetrically placed with 
respect to the chassis and other components. 
This equalizes stray capacitances and helps main- 
tain good balance. 

When the coupler is of the type that can be 
shifted to series or parallel tuning as required, 
two separate single-ended capacitors will be 
satisfactory. As described earlier, they should be 
connected so that both frames go to correspond- 
ing parts of the circuit — 1.e., either to the coil or 
to the line — for series tuning, and when used in 
parallel for parallel tuning should be connected 
frame-to-stator. 

A coupler designed and adjusted so that the 
connecting link acts as a matched transmission 
line may be placed in any convenient location. 
Some amateurs prefer to install the coupler at the 
point where the main transmission line enters the 
station. This helps maintain a tidy station lay- 


Fig. 13-18—Matching circuit for coupling balanced line 
to a coaxial link. It may also be used between two coaxial 
lines as described in the text. The coil at the left is simply 
“stored” on the chassis as a convenience for changing 
between two favorite bands. A “Monimatch” bridge is 
mounted under the 7 X 11 X 3 inch chassis. 


Coupler Construction 


Fig. 13-19—Circuit of the coax-cou- 
pled matching circuit of Fig. 13-20. 
The s.w.r. bridge, a highly useful aid 
in adjustment, may be omitted if de- 
sired, in which case points A and B 
are simply connected together. See 
text for data on modified line. 


G-8/U OR RG-11/U MODIFIED | 


<———- S.W.R. BRIDGE ——»} 


| 
Ci—100 puyf. per section variable, 0.075-inch spacing 
(Johnson 154-505). 
C2—700 to 800 wuyuf.; dual-section 365- to 400-uyf. 
broadcast-receiver type capacitor with sections 
in parallel. 


out when an_ air-insulated parallel-conductor 
transmission line is used. Witb solid-dielectric 
lines, which lend themselves well to neat installa- 
tion indoors, itis probably more desirable to install 
the coupler where it can be reached easily for 
adjustment and band-changing. 


@ COAX-COUPLED MATCHING CIRCUIT 


The matching unit shown in Fig. 13-18 is con- 
structed according to the design principles out- 
lined earlier.in this chapter. It uses a parallel- 
tuned circuit with taps for matching a parallel- 
conductor line through a link coil to a coaxial 
line to the transmitter. It will handle about 500 
watts of r.f. power and will work, without modi- 
fication, into lines of any length if the s.w.r. is 
below 3 or 4 to 1. If the s.w.r. is high, it may be 
necessary to compensate for the reactive part of 
the input impedance of the line, at certain line 
lengths, by using an additional coil or capacitor 
as discussed earlier. The necessity for such com- 
pensation can be avoided, on lines having a high 
s.w.r., by making the electrical length of the line 
a multiple of a quarter wavelength. 

As shown by the circuit diagram, Fig. 13-19, 
the link circuit 1s adjusted by means of a variable 
capacitor, Co, to facilitate matching between the 
main transmission line from the antenna and the 
coax line to the transmitter. The coils are con- 
structed from commercially available coil mate- 
rial, and the link (Ze) inductances are chosen to 
provide adequate coupling for flat lines. The link 


Coil Data for 


Li 


| 
C3, Ca—0.001-yf. disk ceramic. 
CR1, CRe—1N34A or equivalent. 
Ji—Coax receptacle, chassis-mounting type. 
L1, Le—See coil table. 
Ri —See text. 


coil, of smaller diameter than the tank coil Ly, is 
mounted inside the latter at the center. Duco 
cement is used to hold the coils together at their 
bottom tie strips. The coils are mounted on Millen 
type 40305 plugs and require no other support 
than the stiffness of the short lengths of wire 
going into the end prongs of the plug from the 
tank coil. Short. lengths of spaghetti tubing are . 
slipped over the leads to the link coil where they 
go between the tank coil turns to reach the plug. 

Taps on the tank coil for connection to a paral- 
lel-conductor transmission line are made by 
means of Johnson type 235-860 clips. If coils are 
changed frequently it will be convenient, after 
finding the proper tap points for each band, to 
bend ordinary soldering lugs around the wire and 
solder them in place so they project radially from 
the coil. The clips can then be adjusted to fit 
snugly over the lugs when pushed on sidewise. 
Used this way, the clips provide an easy and 
rapid method of connecting and disconnecting 
the line. 


Monimatch 


The circuit as shown in Fig. 13-19 includes a 
bridge or directional coupler of the Monimatch 
type to assist in adjusting the circuit to match 
the coax line. It is constructed from a 24-inch 
length of either RG-8/U or RG-11/U (depending 
on the Zo of the coax line between the transmitter 
and the matching circuit) as described in the 
section on measurements. The pickup line, to 


Fig. 13-19 


Wire 
Size 


Turns Dia., 


In. 


Turns/ 
In. 


16 


Turns/ 
J i7ps 


10 


10 


10 


10 
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which /?; and the crystal rectifiers are connected, 
is a length of No. 30 enameled wire inserted be- 
tween the insulation and the shield-braid outer 
conductor of the coax cable. In constructing this 
line section be careful not to scrape the enamel 
from the wire, and after the braid has been 
smoothed out to its original length check between 
it and the pickup wire with an ohmmeter to make 
sure the two are not short-circuited. The cable is 
formed into a double turn so that the center, 
where ; connects to the pickup wire, is close to 
the ends. This keeps the ground paths to mini- 
mum length and helps in obtaining proper balance 
in the bridge. The braided outsides of the turns 
are spot soldered together at several points to 
reduce the effect of unwanted currents on the 
surface, and also to improve the assembly me- 
chanically. 


Bridge Adjustment 


Adjusting the bridge is simply a matter of find- 
ing the value of FR, that gives a good null reading 
with the indicating meter connected to the ‘“‘re- 
flected’’ position when the output end is termi- 
nated in a resistive load of either 52 or 75 ohms, 
depending on whether RG-8/U or RG-11/U is 
used. If a suitable dummy load is available (see 
chapter on measurements) the wiring to L2 should 
be disconnected at B in Fig. 13-19 and the dummy 
load connected between B and ground (that is, to 
the output terminals of the Monimatch). Ry may 
be set to the proper value by trying several values 
of half-watt carbon resistors, or combinations in 
parallel, to find the resistance that gives the deep- 
est null. A value of about 35 ohms proved to be 
optimum with RG-8/U in the bridge shown in 
the photograph. 

Alternatively, a dummy load may be con- 
nected to the balanced line terminals, and the 
Monimatch disconnected at 8B. If a_ suitable 
bridge can be borrowed, it can be connected at B 
and r.f. power fed through it to the matching cir- 
cuit, which should then be adjusted to match 
the coax line. This establishes a load of known 
value which may then be used for adjustment of 
the built-in Monimatch as described above, after 
the connection at B has been restored. 
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Fig. 13-20—Below-chassis view of the match- 

ing circuit, showing Monimatch made from a 

section of coax cable. The crystal rectifiers 

are mounted on dual tie-point strips, with 
R; between them. 


A suitable indicator unit, including meter, 
variable resistor, and forward-reflected switch, 
is described in the chapter on measurements. 


Matching-Circuit Adjustment 


The method of adjusting a matching circuit of 
this type has been described earlier in this chap- 
ter in connection with Figs. 13-12 and 13-13. The 
construction is such that either the center tap of 
I, or the rotor of Cy may be grounded to the 
chassis, since Cy is mounted on small stand-off 
insulators. Insofar as normal balanced-line opera- 
tion is concerned, it makes no difference which 
is grounded (or neither). Grounding will, how- 
ever, affect. any parallel or “‘antenna”’ currents 
on the line. In general, the effect of such currents 
will be minimized if the ground connection show- 
ing the least r.f. current is chosen. This test 
should also be tried with and without an actual 
earth connection to the matching-circuit chassis. 

The coupler may be used between coaxial lines 
by grounding the center tap of Z, and connect- 
ing the outer braid of the coax line to the chassis 
and the inner conductor to a single tap on the 
coil. The method of adjustment is otherwise the 
same as for balanced lines. 

The matching circuit should be adjusted with 
the aid of an s.w.r. bridge, as described earlier in 
this chapter. In general, the tuning will be less 
critical, and the circuit will work over a wider 
frequency range without readjustment, if the taps 
are kept as far toward the ends of the coil as possi- 
ble and Cy, is set at the largest capacitance that 
will permit bringing the s.w.r. in the coax link 
down to 1 to 1. 


@ ANTENNA MATCHING CIRCUIT FOR 
HIGH OR LOW IMPEDANCE 


The unit shown in Figs. 13-21 and 13-23 can be 
used to match the coaxial-line output of a trans- | 
mitter to either a high- or low-impedance load. 
To facilitate tuning it includes an s.w.r. indicator 
that can be set for a wide range of power levels. 
The power-handling ability of a circuit of this 
type will depend to some extent upon the imped- 


Coupler Construction 


Fig. 13-21—Antenna coupler out of its 
case. The large dial controls a 100-yyf. 
tuning capacitor, and the smaller dial 
(bottom center) turns a 320-uyf. 
coupling capacitor. Two knobs control 
the sensitivity and direction of the 
s.w.r. bridge. Simple band switches on 
top of the aluminum arch are made 
from banana plugs and insulated jacks 


ance of the load, but as shown the matching cir- 
cuit will handle up to 300 or 400 watts under 
practically any condition. If higher power is in- 
volved, the citcuit can be “‘scaled upward” with 
heavier inductances and_ greater capacitor 
spacings. 

Referring to the circuit in Fig. 13-22, a series- 
tuned circuit, L3C1, is coupled to a balanced cir- 
cuit, CoLeLs4. This latter circuit is series-tuned 
if the load is connected to terminals A-A and par- 
allel-tuned if a jumper is used between A-A and 
the load is connected at B-B. Low-impedance 
loads (high-current) call for series tuning, and 
high-impedance loads (high voltage) couple 
better with parallel tuning. 


RG-58/U 


TUNING | SERIES 
ANTENNA S ES 

| 
us 


A simple version of the ‘“ Monimatch”’ s.w.r. 
indicator is included by wrapping the necessary 
length of RG-58/U around the indicating meter 
(see Fig. 13-23). 

The unit shown here was built on a 7 X 9 X 2- 
inch aluminum chassis, but dimensions are not 
critical so long as the inductance is not crowded 
against the metal parts of the chassis or housing. 
Capacitor C2 is insulated from the chassis and 
panel by using small stand-off insulators for its 
support and a ceramic insulating shaft coupling. 

The switches S; and S2 are made from nylon- 
insulated banana jacks (Johnson 108-901) 
mounted on an arch of 34-inch sheet aluminum. 
In each switch one jack serves as the rotor 


A B 


TUNING 
2 


Fig. 13-22—Circuit diagram of the antenna coupler. 


Ci — 3 20-upuf. midget variable (Hammarlund MC-325-M). 

C2—100-uuf. tuning, .077-inch spacing (National TMC- 
100). 

Ji— Coaxial receptacle, type SO-239. 

Li—Wire inside coaxial line. See text. 

Lo, L3, La—See Fig. 13-26. 

Mi—O-1 milliammeter (Triplett 227-PL). 


Ri —25,000-ohm volume control (Mallory U-28). 

Re—33 ohms, 2 watt. Must be composition, not wirewound. 
S1,S2—See text. 

Ss—D.p.d.t. rotary switch (Centralab 1462). 


S41—Tap on L3, shorted to end of coil by copper test clip 
(Mueller 45C). 
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terminal and the others serve as the contacts. A 
shorting bar of aluminum with two banana plugs 
(Johnson 108-750) mounted on it at the proper 
distance is used as the switch arm. The shorting 
bar for the A-A connection is made similarly. 
Two feedthrough insulators at the rear of the 
cabinet (Bud C-1746) are used as antenna ter- 
minals; flexible leads connected to them have 
banana plugs at the other end to connect to A-A 
or B-B as required. 

The inductors Le, L3 and L4 are made from a 
length of 2-inch diameter transmitting coil stock, 
as indicated in Fig. 13-24. While the over-all 
sizes of the coils will suffice for practically any 
installation, it is suggested that the taps be made 
temporarily until the unit can be tested with the 
antenna to be used. The taps as indicated will be 
correct for most cases, but variations in antenna 
systems will account for some discrepancies. The 
inductors are supported by their leads from the 
banana jacks. Switch S4 is merely two solder lugs 
on the proper wires; they can be shorted together 
by clipping them with a copper test clip. (It is rec- 
ommended that screws and hardware be tested 
with a magnet before using near the coils; iron 
will get hot in the fields surrounding the coils.) 

The s.w.r. bridge is made by first peeling the 
vinyl outer coating from a 3'%-foot length of RG- 
58/U. Measure 6% inches out either side of the 
center and open the shield braid slightly with a 
pointed tool. Thread a length of insulated wire 
(No. 22 or 24) in one hole and out the other, 
being careful not to scratch off the insulation 
of the wire; test with an ohmeter to make sure. 
Smooth out the shield braid on the RG-58/U 
and wrap the coaxial line for two turns around 
the meter housing. The coaxial line can then be 
threaded through a rubber grommet in the chassis 
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Fig. 13-23—Rear view of the coupler 

shows the coaxial line of the s.w.r. indi- 

cator wrapped around the meter. The 

test clip of S4 is parked on one of the 

feedthrough insulators for L3. Shorting 

bar in B-B (center) only for photograph; 
it is used only in A-A. 


and led to J; and the feedthrough from L3, both 
at the rear of the chassis. The length of insulated 
wire, Ly, will have its ends conveniently situated 
for soldering to S3. 

In operation, the antenna feed line can be cen- 
nected for series tuning if coaxial line is used and 
for parallel tuning if open-wire line is used. This 
is not an iron-clad rule, however, particularly 
when a high s.w.r. exists on the line to the an- 
tenna. Capacitors C; and C2 are then adjusted for 
minimum reflected reading and maximum for- 
ward reading of M,. If the maximum reading 
tends to send the meter off scale, increase the re- 
sistance at Ry. If the reflected reading cannot be 
brought down to a very low value, it may be nec- 
essary to try the opposite series/parallel connec- 
tion or, as mentioned earlier, to change the loca- 
tion of the taps on Leg and 14. 


Ls L3 Ly 


Fig. 13-24—Details of coil tapping. Material is No. 16 
wound 10 t.p.i. on 2-inch diameter (B&W 3907-1). Half 
turns peeled off between L2-L3 and L3-L4 to give one-turn 
separation. Tap placement may vary somewhat with 
antenna system. 


Antennas 


An antenna system can be considered to in- 
clude the antenna proper (the portion that 
radiates the r.f. energy), the feed line, and any 
coupling devices used for transferring power 
from the transmitter to the line and from the 
line to the antenna. Some simple systems may 
omit the transmission line or one or both of 
the coupling devices. This chapter will describe 
the antenna proper, and in many cases will 
show popular types of lines, as well as line-to- 
antenna couplings where they are required. 
However, it should be kept in mind that any 
antenna proper can be used with any type of 
feedline if a suitable coupling is used between 
the antenna and the line. Changing the line 
does not change the type of antenna. 


Selecting an Antenna 


In selecting the type of antenna to use, the 
majority of amateurs are somewhat limited 
through space and structural limitations to 
simple antenna systems, except for v.h.f. op- 
eration where the small space requirements 
make the use of multielement beams readily 
possible. This chapter will consider antennas 
for frequencies as high as 30 Mc. —a later 
chapter will describe the popular types of 
v.h.f. antennas. However, even though the 
available space may be limited, it is well to 
consider the propagation characteristics of the 
frequency band or bands to be used, to insure 
that best possible use is made of the available 
facilities. The propagation characteristics of 
the amateur-band frequencies are described in 
Chapter Fifteen. In general, antenna construc- 
tion and location become more critical and im- 
portant on the higher frequencies. On the 
lower frequencies (3.5 and 7 Mc.) the vertical 
angle of radiation and the plane of polariza- 
tion may be of relatively little importance; at 
28 Me. they may be all-important. 


Definitions 


The polarization of a straight-wire antenna 
is determined by its position with respect to 
the earth. Thus a vertical antenna radiates 
vertically polarized waves, while a horizontal 
antenna radiates horizontally polarized waves 
in a direction broadside to the wire and 
vertically polarized waves at high vertical 
angles off the ends of the wire. The wave from 
an antenna in a slanting position, or from 
the horizontal antenna in directions other 
than mentioned above, contains components 


CHAPTER 14 


of both horizontal and vertical polarization. 

The vertical angle of maximum radiation 
of an antenna is determined by the free-space 
pattern of the antenna, its height above 
ground, and the nature of the ground. The 
angle is measured in a vertical plane with re- 
spect to a tangent to the earth at that point, 


~and it will usually vary with the horizontal 


angle, except in the case of a simple vertical 
antenna. The horizontal angle of maximum 
radiation of an antenna is determined by the 
free-space pattern of the antenna. 

The impedance of the antenna at any point 
is the ratio of the voltage to the current at that 
point. It is important in connection with feed- 
ing power to the antenna, since it constitutes 
the load to the line offered by the antenna. It 
can be either resistive or complex, depending 
upon whether or not the antenna is resonant. 

The field strength produced by an antenna is 
proportional to the current flowing in it. When 
there are standing waves on an antenna, the 
parts of the wire carrying the higher current 
have the greater radiating effect. All resonant 
antennas have standing waves — only ter- 
minated types, like the terminated rhombic 
and terminated “V,” have substantially uni- 
form current along their lengths. 

The ratio of power required to produce a 
given field strength with a “comparison” an- 
tenna to the power required to produce the 
same field strength with a specified type of an- 
tenna is called the power gain of the latter 
antenna. The field is measured in the optimum 
direction of the antenna under test. The com- 
parison antenna is generally a half-wave antenna 
at the same height and having the same polariza- 
tion as the antenna under consideration. Gain 
usually is expressed in decibels. 

In unidirectional beams (antennas with most 
of the radiation in only one direction) the 
front-to-back ratio is the ratio of power radiated 
in the maximum direction to power radiated 
in the opposite direction. It is also a measure 
of the reduction in received signal when the 
beam direction is changed from that for maxi- 
mum response to the opposite direction. Front- 
to-back ratio is usually expressed in decibels. 

The bandwidth of an antenna refers to the 
frequency range over which a property falls 
within acceptable limits. The gain bandwidth, 
the front-to-back-ratio bandwidth and _ the 
standing-wave-ratio bandwidth are of prime 
interest in amateur work. 
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Ground Effects 


The radiation pattern of any antenna that 
is many wavelengths distant from the ground 
and all other objects is called the free-space 
pattern of that antenna. The free-space pat- 
tern of an antenna is almost impossible to ob- 
tain in practice, except in the v.h.f. and u.h-f. 
ranges. Below 30 Me., the height of the an- 
tenna above ground is a major factor in determin- 
ing the radiation pattern of the antenna. 

When any antenna is near the ground the 
free-space pattern is modified by reflection of 
radiated waves from the ground, so that the 
actual pattern is the resultant of the free-space 
pattern and ground reflections. This resultant 
is dependent upon the height of the antenna, 
its position or orientation with respect to the 
surface of the ground, and the electrical 
characteristics of the ground. The effect of a 
perfectly reflecting ground is such that the 
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Fig. 14-1 —Effect of ground on radiation of horizontal 
antennas at vertical angles for four antenna heights. 
This chart is based on perfectly conducting ground. 


original free-space field strength may be 
multiplied by a factor which has a maximum 
value of 2, for complete reinforcement, and 
having all intermediate values to zero, for 
complete cancellation. These reflections only 
affect the radiation pattern in the vertical 
plane — that is, in directions upward from the 
earth’s surface — and not in the horizontal 
plane, or the usual geographical directions. 
Fig. 14-1 shows how the multiplying factor 
varies with the vertical angle for several 
representative heights for horizontal antennas, 
As the height is increased the angle at which 
complete reinforcement takes place is lowered, 
until for a height equal to one wavelength it 
occurs at a vertical angle of 15 degrees. At still 
greater heights, not shown on the chart, the 
first maximum will occur at still smaller angles. 


Radiation Angle 


The vertical angle of maximum radiation is 
of primary importance, especially at the higher 
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frequencies. It is advantageous, therefore, to 
erect the antenna at a height that will take 
advantage of ground reflection in such a way as 
to reinforce the space radiation at the most de- 
sirable angle. Since low angles usually are most 
effective, this generally means that the antenna 
should be high — at least one-half wavelength 
at 14 Mc., and preferably three-quarters or 
one wavelength, and at least one wavelength, 
and preferably higher, at 28 Mc. The physical 
height required for a given height in wave- 
lengths decreases as the frequency is increased, 
so that good heights are not impracticable; a 
half wavelength at 14 Mc. is only 35 feet, ap- 
proximately, while the same height represents 
a full wavelength at 28 Mc. At 7 Mc. and lower 
frequencies the higher radiation angles are 
effective, so that again a useful antenna height 
is not difficult of attainment. Heights between 
35 and 70 feet are suitable for all bands, the 
higher figures being preferable. 


Imperfect Ground 


Fig. 14-1 is based on ground having perfect 
conductivity, whereas the actual earth is not 
a perfect conductor. The principal effect of 
actual ground is to make the curves inaccurate 
at the lowest angles; appreciable high-fre- 
quency radiation at angles smaller than a few 
degrees is practically impossible to obtain 
over horizontal ground. Above 15 degrees, 
however, the curves are accurate enough for 
all practical purposes, and may be taken as 
indicative of the result to be expected at angles 
between 5 and 15 degrees. 

The effective ground plane — that is, the 
plane from which ground reflections can be 
considered to take place — seldom is the actual 
surface of the ground but is a few feet below 
it, depending upon the character of the soil. 


Impedance 


Waves that are reflected directly upward 
from the ground induce a current in the an- 
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Fig. 14-2—Theoretical curve of variation of radiation 
resistance for a very thin half-wave horizontal antenna 
as a function of height in wavelength above perfectly 
reflecting ground. 
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Half-Wave Antenna 


tenna In passing, and, depending on the an- 
tenna height, the phase relationship of this 
induced current to the original current may be 
such as either to increase or decrease the total 
current in the antenna. For the same power 
input to the antenna, an increase in current is 
equivalent to a decrease in impedance, and 
vice versa. Hence, the impedance of the an- 
tenna varies with height. The theoretical curve 
of variation of radiation resistance for a very 
thin half-wave antenna above perfectly reflect- 
ing ground is shown in Fig. 14-2. The impedance 
approaches the free-space value as the height 
becomes large, but at low heights may differ 
considerably from it. 


Choice of Polarization 


Polarization of the transmitting antenna is 
generally unimportant on frequencies between 


3.5 and 30 Me. However, the question of 
whether the antenna should be installed in a 


horizontal or vertical position deserves con- 


sideration for other reasons. A vertical half- 
wave or quarter-wave antenna will radiate 
equally well in all horizontal directions, so that 
it is substantially nondirectional, in the usual 
sense of the word. If installed horizontally, 
however, the antenna will tend to show direc- 
tional effects, and will radiate best in the direc- 
tion at right angles, or broadside, to the wire. 
The radiation in such a case will be least in the 
direction toward which the wire points. 

The vertical angle of radiation also will be 
affected by the position of the antenna. If it 
were not for ground losses at high frequencies, 
the vertical half-wave antenna would be pre- 
ferred because it would concentrate the radia- 
tion horizontally. 


The Half-Wave Antenna | 


A fundamental form of antenna is a single 
wire whose length is approximately equal to 
half the transmitting wavelength. It is the unit 
from which many more-complex forms of an- 
tennas are constructed. It is known as a dipole 
antenna. 

The length of a half-wave in space is: 


492 
Freq. (Mc.) 


The actual length of a half-wave antenna 
will not be exactly equal to the half-wave 
in space, but depends upon the thickness of the 
conductor in relation to the wavelength as 
shown in Fig. 14-3, where K is a factor that 
must be multiplied by the half wavelength in 
free space to obtain the resonant antenna 
length. An additional shortening effect occurs 
with wire antennas supported by insulators at 
the ends because of the capacitance added to 
the system by the insulators (end effect). 
The following formula is sufficiently accurate 
for wire antennas at frequencies up to 30 Me.: 


Length (feet) = (14-A) 


Length of half-wave antenna (feet) = 
492 X 0.95 i 468 (14-B) 
Freq. (Mc.) = Freq. (Mc.) 
Example: A half-wave antenna for 7150 kc. 
(7.15 Me.) is os = 65.45 feet, or 65 feet 5 
inches. 


Above 30 Me. the following formulas should 
be used, particularly for antennas constructed 
from rod or tubing. K is taken from Fig. 14-3. 


Length of half-wave antenna (feet) = 


492 X K 
a 14-C 
Freq. (Mc.) ( ) 
or length (inches) = Su0b Sout (14-D) 


Freq. (Mc.) 


Example: Find the lengthofa half wavelength 
antenna at 29 Mc., if the antenna is made of 2- 
inch diameter tubing. At 29 Mc., a half wave- 


length in space is = = 16.97 feet, from Eq. 
14-A. Ratio of half wavelength to conductor 


diameter (changing wavelength to inches) is 


16.97 X 12 _ 101.8. From Fig. 14-3, K = 0.963 


for this ratio. The length of the antenna, from 


Eq. 14-C, is = KOO = 16.34 feet, or 16 feet 
4 inches. The answer is obtained directly in 

: SEN Ao) 
inches by substitution in Eq. 14-D ee 
= 196 inches. 
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Fig. 14-3—Effect of antenna diameter on length for 

half-wave resonance,:shown as a multiplying factor, K, 

to be applied to the free-space half wavelength (Equa- 

tion 14-A). The effect of conductor diameter on the center 
impedance also is shown. 
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Current and Voltage Distribution 


When power is fed to an antenna, the current 
and voltage vary along its length. The current 
is maximum (loop) at the center and nearly 
zero (node) at the ends, while the opposite is 
true of the r.f. voltage. The current does not 
actually reach zero at the current nodes, because 
of the end effect; similarly, the voltage is not 
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Fig. 14-4—The above scales, based on Eq. 14-B, can be 
used to determine the length of a half-wave antenna of wire. 


zero at its node because of the resistance of the 
antenna, which cons:s‘s of both the r.f. resistance 
of the wire (ohmic resistance) and the radiation 
resistance. The radiation resistance is an 
equivalent resistance, a convenient conception 
to indicate the radiation properties of an an- 
tenna. The radiation resistance 1s the equiva- 
lent resistance that would dissipate the power 
the antenna radiates, with a current flowing in 
it equal to the antenna current at a current 
loop (maximum). The ohmic resistance of a 
half wavelength antenna is ordinarily small 
enough, compared with the radiation res:stance, 
to be neglected for all practical purposes. 


Impedance 

The radiation res:stance of an infinitely- 
thin half-wave antenna in free space is about 
73 ohms. The value under practical condi- 
tions is commonly taken to be in the neighbor- 
hood of 60 to 70 ohms, although it varies with 
height in the manner of Fig. 14-2. It increases 
toward the ends. The actual value at the ends 
will depend on a number of factors, such as the 
height, the physical construction, the insulators 
at the ends, and the position with respect to ground. 


Conductor Size 
The impedance of the antenna also depends 

upon the diameter of the conductor in relation 
to the wavelength, as indicated in Fig. 14-3. If 
the diameter of the conductor is increased 
the capacitance per unit length increases and 
the inductance per unit length decreases. | 
Since the radiation resistance is affected rela- 
tively little, the decreased L/C ratio causes 
the Q of the antenna to decrease, so that the 
resonance curve becomes less sharp. Hence, the 
antenna is capable of working over a wide 
frequency range. This effect is greater as the 
diameter is increased, and is a property of some 
importance at the very-high frequencies where 
the wavelength is small. 


Radiation Characteristics 
The radiation from a dipole antenna is not 
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uniform in all directions but varies with the 
angle with respect to the axis of the wire. It 
is most intense in directions perpendicular to 
the wire and zero along the direction of the 


REDUCED 
RADIATION 


iad 
Ss 


ANTENNA 


Fig. 14-5—The free-space radiation pattern of a half- 
wave antenna. The antenna is shown in the vertical 
position, and the actual! "doughnut” pattern is cut in 
half to show how the line from the center of the an- 
tenna to the surface of the pattern varies. In practice 
this pattern is modified by the height above ground 
and if the antenna is vertical or horizontal. Fig. 14-1 
shows some of the effects of height on the vertical 
angle of radiation. 
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wire, with intermediate values at intermediate 
angles. This is shown by the sketch of Fig. 14-5, 
which represents the radiation pattern in free 
space. The relative mtensity of radiation is pro- 
portional to the length of a line drawn from the 
center of the figure to the perimeter. If the an- 
tenna is vertical, as shown, then the field strength 
will be uniform in all horizontal directions; if the 


Fig. 14-6—Illustrating the importance 
of vertical angle of radiation in deter- 
mining antenna directional effects. Off 
the end, the radiation is greater at 
higher angles. Ground reflection is 
neglected in this drawing of the free- 
space pattern of a horizontal antenna. 


ee 


antenna is horizontal, the relative field strength 
will depend upon the direction of the receiving 
point with respect to the direction of the antenna 
wire. The variation in radiation at various verti- 
eal angles from a half wavelength horizontal an- 
tenna is indicated in Figs. 14-16 and 14-7. 


@ FEEDING A DIPOLE ANTENNA 
Direct Feed 


If possible, it is advisable to locate the an- 
tenna at least a half wavelength from the 
transmitter and use a transmission line to 
carry the power from the transmitter to the 
antenna. However, in many cases this is im- 
possible, particularly on the lower frequencies, 
and direct feed must be used. Three examples 
of direct feed are shown in Fig. 14-8. In the 
method shown at A, Cy and Ce should be about 
150 wuf. each for the 3.5-Mec. band, 75 puyf. 
each at 7 Mc., and proportionately smaller 
at the higher frequencies. The antenna coil 
connected between them should resonate to 
3.5 Me. with about 60 or 70 uuf., for the 80- 
meter band, tor 40 meters it should rescnate 
with 30 or 35 wuf., and so on. The circuit is 
adjusted by using loose coupling between the 
antenna coil and the transmitter tank coil and 
adjusting C, and C2 until resonance is indi- 


Feeding a Dipole Antenna 


Fig. 14-7—Horizontal pattern of a horizontal half-wave 
antenna at three vertical radiation angles. The solid line 
is relative radiation at 15 degrees. Dotted lines show 
deviation from the 15-degree pattern for angles of 9 
and 30 degrees. The patterns are useful for shape only, 
since the amplitude will depend upon the height of the an- 
tenna above ground and the vertical angle considered. 
The patterns for all three angles have been proportioned 
to the same scale, but this does not mean that the maxi- 
mum amplitudes necessarily will be the same, The arrow 
indicates the direction of the horizontal antenna wire. 


cated by an increase in plate current. The 
coupling between the coils should then be in- 
creased until proper plate current is drawn. It 
may be necessary to re-resonate the transmitter 
tank circuit as the coupling is increased, but 
the change should be small. 

The circuits in Fig. 14-8B and C are used 
when only one end of the antenna is accessible. 
In B, the coupling is adjusted by moving the 


Seka Be Se 
2 

Cis yee Fig. 14-8—Methods of 
directly exciting the 
OUTPUT half-wave antenna. A, 
Mola el (A) current feed, series tun- 
ing; B, voltage feed, 
ouTPuT capacitive coupling; C, 
re =— 4+ voltage feed, with in- 
a ductively coupled an- 
NS nein (8) tenna tank. In A, the 
coupling circuit is not 
NenOT SN Tam ts poe ete included in the effective 
TANK electrical length of the 


iz (C) antenna system proper. 

C Link coupling can be 

y used in A and C. 

tap toward the “hot” or plate end of the tank 
coil — the series capacitor may be of any con- 
venient value that will stand the voltage, and 
it doesn’t have to be variable. In the circuit 
at C, the antenna tuned circuit (C; and the 
antenna coil) should be similar to the trans- 
mitter tank circuit. The antenna tuned cir- 
cuit is adjusted to resonance with the antenna 
connected but with loose coupling to the 
transmitter. Heavier loading of the tube is 


then obtained by tightening the coupling be- 
tween the antenna coil and the transmitter 
tank coil. 

Of the three systems, that at A is preferable 
because it is a symmetrical system and gener- 
ally results in less r.f. power “floating” around 
the shack. The system of B is undesirable be- 
cause it provides practically no protection 
against the radiation of harmonics, and it 
should only be used in emergencies. 


Transmission-Line Feed for 
Dipoles 


Since the impedance at the center of a dipole 
is in the vicinity of 70 ohms, it offers a good match 
for 75-ohm two-wire transmission lines. Several 
types are available on the market, with different 
power-handling capabilities. They can be con- 
nected in the center of the antenna, across a small 
strain insulator to provide a convenient connec- 
tion point. Coaxial line of 75 ohms impedance can 
also be used, but it is heavier and thus not as 
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Fig. 14-9—Construction of a dipole fed with 75-ohm 
line. The length of the antenna is calculated from Equation 
14-B or Fig. 14-4. 


convenient. In either case, the transmission 
line should be run away at right angles to the 
antenna for at least one-quarter wavelength, if 
possible, to avoid current unbalance in the 
line caused by pick-up from the antenna. The 
antenna length is calculated from Equation 
14-B, for a half wavelength antenna. When 
No. 12 or No. 14 enameled wire is used for the 
antenna, as is generally the case, the length of 
the wire is the over-all length measured from 
the loop through the insulator at each end. 
This is illustrated in Fig. 14-9. 

The use of 75-ohm line results in a “flat” 
line over most of any amateur band. However, 
by making the half-wave antenna in a special 
manner, called the two-wire or folded dipole, 
a good match is offered for a 300-ohm line. 
Such an antenna is shown in Fig. 14-10. The 
open-wire line shown in Fig. 14-10 is made of ~ 
No. 12 or No. 14 enameled wire, separated by 
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Fig. 14-10—The construction of an open-wire folded 
dipole fed with 300-ohm line. The length of the antenna 
is calculated from Equation 14-B or Fig. 14-4. 
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lightweight spacers of Lucite or other material 
(it doesn’t have to be a low-loss insulating 
material), and the spacing can be on the order 
of from 4 to 8 inches, depending upon what is 
convenient and what the operating frequency 
is. At 14 Me., 4-inch séparation is satisfactory, 
and 8-inch spacing can be used at 3.5 Me. 

The half wavelength antenna can also be 
made from the proper length of 300-ohm line, 
opened on one side in the center and connected 
to the feedline. After the wires have been 
soldered together, the joint can be strength- 


ened by molding some of the excess insulating 
material (polyethylene) around the joint with 
a hot iron, or a suitable lightweight clamp of 
two pieces of Lucite can Se devised. 


iss Half-wavelength from eee 


\ rs f 
Lightweight Solder joint va are 
spacers metal spacer 
600-ohm_ 
open-wire line 


Fig. 14-11—The construction of a 3-wire folded dipole 
is similar to that of the 2-wire folded dipole. The end 
spacers may have to be slightly stronger than the others 
because of the greater compression force on them. The 
length of the antenna is obtained from Equation 14-B 
or Fig. 14-4. A suitable line can be made from No. 14 
wire spaced 5 inches, or from No. 12 wire spaced 6 inches. 


Similar in some respects to the two-wire 
folded dipole, the three-wire folded dipole of 
Tig. 14-11 offers a good match for a 600-ohm 
line. It is favored by amateurs who prefer to 
use an open-wire line instead of the 300-ohm 
insulated line. The three wires of the antenna 
proper should all be of the same diameter. 

Another method for offering a match to a 
600-ohm open-wire line with a half wavelength 
antenna is shown in Fig. 14-12. The system is 
called a delta match. The line is “fanned” 
as it approaches the antenna, to have a gradu- 
ally increasing impedance that equals the an- 
tenna impedance at the point of connection. 
The dimensions are fairly critical, but careful 
measurement before installing the antenna and 
matching section is generally all that is neces- 
sary. The length of the antenna, JL, is calcu- 


600-Ohm line 
ony length 


Fig. 14-12—Delta-matched antenna system. The di- 
mensions C, D, and E are found by formulas given in 
the text. If is important that the matching section, E, 
come straight away from the antenna without any bends. 
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lated from Equation 14-B or Fig. 14-4. The 
length of section C is computed from: 


118 
C (feet) = ———___ 
pas Freq. (Mc.) 
The feeder clearance, /, is found from 
148 


(14-E) 


EF (feet) =] = (14-F) 
q. (Mc.) 
Example: Fora aoe is 7.1Mc., the length 
L= = = 65.91 feet, or 65 feet 11 inches, 
te 
118 3 
Cee a = 16.62 feet, or 16 feet 7 inches. 
148 : : 
OPS =) = 20.84 feet, or 20 feet 10 inches. 


Since the equations hold only for 600-ohm 
line, it is important that the line be close to 
this value. This requires 5-inch spaced No. 
14 wire, 6-inch spaced No. 12 wire, or 334-inch 
spaced No. 16 wire. 

If a half wavelength antenna is fed at the 
center with other than 75-ohm line, or if a 
two-wire dipole is fed with other than 300-ohm 
line, standing waves will appear on the line 
and coupling to the transmitter may become 
awkward for some line lengths, as described 
in Chapter 13. However, in many cases it. is 
not convenient to feed the half-wave antenna 
with the correct line (as is the case where multi- 
band operation of the same antenna is desired), 
and sometimes it is not convenient to feed the 
antenna at the center. Where multiband opera- 
tion is desired (to be discussed later) or when 
the antenna must be fed at one end by a trans- 
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Fig. 14-13—The half-wave antenna can be fed at the 
center or at the end with an open-wire line. The antenna 
length is obtained from Equation 14-B or Fig. 14-4. 


mission line, an open-wire line of from 450 to 
600 ohms impedance is generally used. The im- 
pedance at the end of a half wavelength antenna 
is in the vicinity of several thousand ohms, 
and hence a standing-wave ratio of 4 or 5 is not 
unusual when the line is connected to the end of 
the antenna. It is advisable, therefore, to keep 
the losses in the line as low as possible. This re- 
quires the use of ceramic or Micalex feeder 
spacers, if any appreciable power is used. For 
low-power installations in dry climates, dry 
wood spacers boiled in paraffin are satisfactory. 
Mechanical details of half wavelength antennas 
fed with open-wire lines are given in Fig. 14-13. 
Regardless of the power level, solid-dielectric 
Twin-Lead is not recommended for this use. 


Long Wires 


Long-Wire Antennas 


An antenna will be resonant so long as an 
integral number of standing waves of current 
and voltage can exist along its'length; in other 
words, so long as its length is some integral 
multiple of a half wavelength. When the an- 
tenna is more than a half-wave long it usually 
is called a long-wire antenna, or a harmonic 
antenna. 


Current and Voltage Distribution 


Fig. 14-14 shows the current and voltage 
distribution along a wire operating at its 
fundamental frequency (where its length is 


Vollage (£) 
Current(L) : 


FUNDAMENTAL (HALF-WAVE) 


41H HARMONIC ( 2-WAVE) 


Fig. 14-14—Standing-wave current and voltage distri- 
bution along an antenna when it is operated at various 
harmonics of its fundamental resonant frequency. 


equal to a half wavelength) and at its second, 
third and fourth harmonics. For example, if 
the fundamental frequency of the antenna is 7 
Me., the current and voltage distribution will 
be as shown at A. The same antenna excited at 
14 Me. would have current and voltage dis- 
tribution as shown at B. At 21 Mc., the third 
harmonic of 7 Mc., the current and voltage 
distribution would be as in C; and at 28 Mc., 
the fourth harmonic, as in D, The number of 
the harmonic is the number of half waves con- 
tained in the antenna at the particular operat- 
ing frequency. 

The polarity of current or voltage in each 
standing wave is opposite to that in the ad- 
jacent standing waves. This is shown in the 
figure by drawing the current and voltage 
curves successively above and below the an- 
tenna (taken as a zero. reference line), to indi- 
eate that the polarity reverses when the 
current or voltage goes through zero. Currents 


flowing in the same direction are in phase; 
in opposite directions, out of phase. 

It is evident that one antenna may be used 
for harmonically-related frequencies, such as 
the various amateur bands. The long-wire or 
harmonic antenna is the basis of multiband 
operation with one antenna. 


Physical Lengths 


The length of a long-wire antenna is not an 
exact multiple of that of a half-wave antenna 
because the end effects operate only on the 
end sections of the antenna; in other parts of 
the wire these effects are absent, and the wire 
lengthis approximately that of an equivalent 
portion of the wave in space. The formula for 
the length of a long-wire antenna, therefore, is 


492 (N—0.05) 
Freq. (Mc.) 
where N is the number of half-waves on the 

antenna. 


Example; An antenna 4 half-waves long at 14.2 

492 (4 — 0.05) _ 492 X 3.95 
14.2 14,2 

= 136.7 feet, or 1386 feet 8 inches. 


Length (feet) = 14-G 


Me. would be 


It is. apparent that an antenna cut as a half- 
wave for.a given frequency will be slightly off 
resonance at exactly twice that frequency (the 
second harmonic), because of the decreased in- 
fluence of the end effects when the antenna is 
more than one-half wavelength long. The effect 
is not very important, except for a possible un- 
balance in the feeder Os and consequent 
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Fig. 14-15—Curve A shows variation in radiation re= 
sistance with antenna length. Curve B shows power in 
lobes of maximum radiation for long-wire antennas as a 
ratio to the maximum radiation for a half-wave antenna. 
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Fig. 14-16—Horizontal patterns of radiation from a 
full-wave antenna. The solid line shows the pattern for a 
vertical angle of 15 degrees; dotted lines show deviation 
from the 15-degree pattern at 9 and 30 degrees. All three 
patterns are drawn to the same relative scale; actual am- 
plitudes will depend upon the height of the antenna. 


radiation from the feedline. If the antenna is 
fed in the exact center, no unbalance will 
occur at any frequency, but end-fed systems 
will show an unbalance on all but one frequency 
in each harmonic range. 


Impedance and Power Gain 


The radiation resistance as measured at a 
current loop becomes higher as the antenna 
length is increased. Also, a long-wire antenna 
radiates more power in its most favorable di- 
rection than does a half-wave antenna in its 
most favorable direction. This power gain is 
secured at the expense of radiation in other 
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Fig. 14-17—Horizontal patterns of radiation from an 
antenna three half-waves long. The solid line shows the 
pattern for a vertical angle of 15 degrees; dotted lines 
show deviation from the 15-degree pattern at 9 and 30 
degrees. Minor lobes coincide for all three angles. 
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directions. Fig. 14-15 shows how the radiation 
resistance and the power in the lobe of maxi- 
mum radiation vary with the antenna length. 


Directional Characteristics 


As the wire is made longer in terms of the 
number of half wavelengths, the directional 
effects change. Instead of the ‘‘doughnut” 
pattern of the half-wave antenna, the direc- 
tional characteristic splits up into ‘lobes”’ 
which make various angles with the wire. In 
general, as the length of the wire is increased 
the direction in which maximum radiation 
occurs tends to approach the line of the an- 
tenna itself. 

Directional characteristics for antennas one 
wavelength, three half-wavelengths, and two 
wavelenzths long are given in Figs. 14-16, 
14-17 and 14-18, for three vertical angles of 
radiation. Note that, as the wire length in- 
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Fig. 14-18—Horizonta! patterns of radiation from an 
antenna two wavelengths long. The solid line shows the 
pattern for a vertical angle of 15 degrees; dotted lines 
show deviation from the 15-degree pattern at 9 and 30 
degrees. The minor lobes coincide for all three angles. 


creases, the radiation along the line of the an- 
tenna becomes more pronounced. Still longer 
antennas can be considered to have practically 
“end-on”’ directional characteristics, even at 
the lower radiation angles. 


Methods of Feeding 


In a long-wire antenna, the currents in ad- 
jacent half-wave sections must be out of phase, 
as shown in Fig. 14-14. The feeder system must 
not upset this phase relationship. This is satisfied 
by feeding the antenna at either end or at any 
current loop. A two-wire feeder cannot be-in- 
serted at a current node, however, because this 
invariably brings the currents in two adjacent 
half-wave sections in phase. A long wire antenna 
is usually made a half wavelength at the lowest 
frequency and fed at the end. 


Multiband Antennas 


Multiband Antennas 


As suggested in the preceding section, the 
same antenna may be used for several bands 
by operating it on harmonics. When this is 
done it is necessary to use tuned feeders, since 
the impedance matching for nonresonant feeder 
operation can be accomplished only at one 
frequency unless means are provided for changing 
the length of a matching section and _ shift- 
ing the point at which the feeder is attached 
to it. 

A dipole antenna that is center-fed by a solid- 
dielectric line is useless for even harmonie 
operation ; on all even harmonics there is a voltage 
Maximum occurring right at the feed point, and 
the resultant impedance mismatch causes a large 
standing-wave ratio and consequently high losses 
arise in the solid dielectric. It is wise not to at- 
tempt to use on its even harmonics a half-wave 
antenna center-fed with coaxial cable. On odd 
harmonics, as between 7 and 21 Mc.. a current 
loop will appear in the center of the antenna and 
a fair match can be obtained. High impedance 
solid-dielectric lines such as 300 ohm Twin-Lead 
may be used in an emergency, provided the 
power does not exceed a few hundred watts, but 
it is an inefficient feed method. 

When the same antenna is used for work in 
several bands, the directional characteristics 
will vary with the band in use. 


Simple Systems 


The most practical simple multiband an- 
tenna is one that is a half wavelength long at 
the lowest frequency and is fed either at the 
center or one end with an open-wire line. 
Although the standing wave ratio on the feed- 
line will not approach 1.0 on any band, if the 
losses in the line are low the system will be 
efficient. From the standpoint of reduced feed- 
line radiation, a center-fed system is superior 
to one that is end-fed, but the end-fed arrange- 
ment is often more convenient and should 
not be ignored as a possibility. The center-fed 
antenna will not have the same radiation 
pattern as an end-fed one of the same length, 
except on frequencies where the length of the 
antenna is a half wavelength. The end-fed an- 
tenna acts like a long-wire antenna on all bands 
(for which it is longer than a half wavelength), 
but the center-fed one acts like two antennas 
of half that length fed in phase. For example, 
if a full-wavelength antenna is fed at one end, it 
will have a radiation pattern as shown in Fig. 
14-16, but if it is fed in the center the pattern 
will be somewhat similar to Tig. 14-7, with the 
maximum radiation broadside to the wire. Either 
antenna is a good radiator, but if the radiation 
pattern is a factor, the point of feed must be 
considered. _ 

Since multiband operation of an antenna 
does not permit matching of the feedline, some 
attention should be paid to the length of the 
feedline if convenient transmitter-coupling ar- 


rangements are to be obtained. Table 14-I gives 
some suggested antenna and feeder lengths for 
multiband operation. In general, the length 
of the feedline can be other than that indicated, 
but the type of coupling circuit may change, 
Open-wire line feed is recommended for an 
antenna of this type, since the losses will run too 
high in solid dielectric line. For low-power appli- 
cations up to a few hundred watts, open-wire TV 
line is convenient and satisfactory to use. How- 
ever, for high-power installations up to the kilo- 
watt limit, an open-wire line with No. 14 or No, 
12 conductors should be used. This can be built 
from soft-drawn wire and ceramic or other suit- 
able spacers, or it.can be bought ready-made. 


Antennas for Restricted Space 


If the space available for the antenna is not 
large enough to accommodate the length nec- 
essary for a half wave at the lowest frequency 
to be used, quite satisfactory operation can be 
secured by using a shorter antenna and making 
up the missing length in the feeder system. The 
antenna itself may be as short as a quarter wave- 
length and will radiate fairly well, although of 
course it will not be as effective as one a half 
wave long. Nevertheless, such a system is useful 
where operation on the desired band otherwise 
would be impossible. 

Tuned feeders are a practical necessity with 
such an antenna system, and a center-fed an- 
tenna will give best all-around performance. 


TABLE 14-I 
Multiband Tuned-Line-Fed Antennas 


Feeder 
Length 
(Ft.) 


Type of 
Coupling 
Circuit 


Band 


Antenna 
Length (Ft.) 


With end feed: 


135 Series 
8 Parallel 


67 Series 
Parallel 


With center feed: 


135 3.5 — 21 Parallel 
28 Series 


135 3.5 — 28 Parallel 


67 3.5 
7-28 


Series 
Parallel 


67 3.5, 14, 28 
7, 21 


Parallel 
Series 


Antenna lengths for end-fed antennas are approxi- 
mate and should be cut to formula length at favorite 
opérating frequency. 

Where parallel tuning is specified, it will be neces- 
sary in some cases to tap in from the ends of the coil 
for proper loading — see Chapter 13 for examples of 
antenia couplers. 
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Tuning 
Apparatus 


Fig. 14-19—Practical arrangement of a shortened an- 
tenna. When the total length, A-+ B + B +A, is the 
same as the antenna length plus twice the feeder length 
of the center-fed antennas of Table 14-l, the same type 
of coupling circuit will be used. When the feeder length or 
antenna length, or both, makes the sum different, the type 
of coupling circuit may be different but the effectiveness 
of the antenna is not changed, unless A + A is less than 
a quarter wavelength. 


With end feed the feeder currents become badly 
unbalanced. 

With center feed, practically any convenient 
length of antenna can be used. If the total length 
of antenna plus twice feedline is the same as in 
Table 14-I, the type of tuning will be the same 
as stated. This is illustrated in Fig. 14-19. If the 
total length is not the same, different tuning 
conditions can be expected: on some bands. This 
should not be interpreted as a fault in the an- 
tenna, and any tuning system (series or parallel) 
that works well without any. trace of heating is 
quite satisfactory. Heating may result when the 
taps with parallel tuning are made too close to 
the center of the coil — it can often be corrected 
by using less total inductance and more capaci- 
tance. 


Bent Antennas 

Since the field strength at a distance is pro- 
portional to the current in the antenna, the 
high-current part of a dipole antenna (the center 
quarter wave, approximately) does most of 
the radiating. Advantage can be taken of this 
fact when the space available does not permit 
building an antenna a half-wave long. In this 
case the ends may be bent, either horizontally or 
vertically, so that the total length equals a half 
wave, even though the straightaway horizontal 
length may be as short as a quarter wave. The 
operation is illustrated in Fig. 14-20. Such an 
antenna will be a somewhat better radiator than 
a quarter wavelength antenna on the lowest fre- 


Fig. 14-20—Folded arrangement for shortened antennas. 

The total length is a half-wave, not including the feeders. 

The horizontal part is made as long as convenient and the 

ends dropped down to make up the required length. 

The ends may be bent back on themselves like feeders to 

cancel radiation partially. The horizontal section should 
ke at least a quarter wave long. 
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quency, but is not so desirable for multi- 
band operation because the ends play an 
increasingly important part as the fre- 
quency is raised. The performance of the system 
in such a case is difficult to predict, especially if 
the ends are vertical (the most convenient ar- 
rangement) because of the complex combination 
of horizontal and vertical polarization which re- 
sults as well as the dissimilar directional charac- 
teristics. However, the fact that the radiation 
pattern is incapable of prediction does not de- 
tract from the general usefulness of the antenna. 
For one-band operation, end-loading with coils 
(5 feet or so in from each end) is practical and - 
efficient. 


''Windom’’ or Off-Center-Fed Antenna 


A multiband antenna that enjoyed consider- 
able popularity in the 1930s is the ‘‘off-center 
feed” or ‘““Windom,” named after the amateur 
who wrote a comprehensive article about it. 
Shown in Fig. 14-21A, it consists of a half wave- 
length antenna on the lowest-frequency band to 
be used, with a single-wire feeder connected 14% 
off center. The antenna will operate satisfactorily 
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Fig. 14-21—Two versions of the off-center-fed antenna. 

(A) Single-wire feed shows approximately 600 ohms 
impedance to ground and is most conveniently coupled 
to the transmitter as shown. The pi-network coupling 
will require more capacity at Cj than at Co. Ly is best 
found by experiment—an inductance of about the same 
size as that used in the output stage is a good starting 
point. The parallel-tuned circuit will be a tuned circuit 
that resonates at the operating frequency with L and C 
close to those used in the output stage. The tap is found 
by experiment, and it should be as near the top of L as 
it can and still give good loading of the transmitter. 

(B) Two-wire off-center feed uses 300-ohm TV line. 
Although the 300-ohm line can be coupled directly to some 
transmitters, it is common practice to step down the im- 
pedance level to 75 ohms through a pair of “balun” coils. 


Trap Antennas 


on the even-harmonic frequencies, and thus 9 
single antenna can be made to serve on the 80-, 
40-, 20-, and 10-meter bands. The single-wire 
feeder shows an impedance of approximately 600 
ohms to ground, and consequently the antenna 
coupling system must be capable of matching this 
value to the transmitter. A tapped parallel-tuned 
circuit or a properly-proportioned pi-network 
coupler is generally used. Where TVI is a prob- 
lem, the antenna coupler is required, so that a 
low-pass filter can be used in the connecting link 
of coaxial line. 

Although theoretically the feed line can be of 
any length, some lengths will tend to give trou- 
ble with ‘‘too much r.f. in the shack,” with the 
consequence that r.f. sparks can be drawn from 
the transmitter’s metal cabinet and/or v.f.o. 
notes will develop serious modulation. If such is 
found to be the case, the feeder length should be 
changed. e 

A newer version of the off-center-feed antenna 
uses 300-ohm TV Twin-Lead to feed the antenna, 
as shown in Fig. 14-21B. It is claimed that the 
antenna offers a good match for the 300-ohm line 
on four bands and, although this is more wishful 
thinking than actual truth, the system is widely 
used and does work satisfactorily. It is subject to 
the same feed line length and “r.f.-in-the-shack” 
troubles that the single-wire version enjoys. 
However, in this case a pair of “balun’”’ coils can 
be used to step down the impedance level to 
75 ohms and at the same time alleviate some of 
the feed line troubles. This antenna system is 
popular among amateurs using multiband trans- 
mitters with pi-network-tuned output stages. 

With either of the off-center-fed antenna sys- 
tems, the feed line should run ‘away from the 
antenna at right angles for as great a distance as 
possible before bending. No sharp bends should 
be allowed anywhere in the line. 


Multiband Operation with Coaxial 
Line Feed 


The proper use of coaxial line requires that the 
standing-wave ratio be held to a low value, pref- 
erably below 2:1. Since the impedance of an ordi- 
nary antenna changes widely from band to band, 
it is not possible to feed a simple antenna with 
coaxial line and use it on a number of bands with- 
out tricks of some kind. The single exception to 
this is the use of 75-ohm coaxial line to feed a 
7-Mc. half-wave antenna, as in Fig. 14-19; this 
antenna can also be used on 21 Me. and the 
s.w.r. in the line will not run too high. 

One multiband antenna system that can be 
used by anyone without much trouble is shown 
in Fig. 14-22. Here separate dipoles are connected 
to one feedline. The 7-Me. dipole also serves on 
21 Me. A low s.w.r. will appear on the feedline in 
each band if the dipoles are of the proper length. 
The antenna system can be built by suspending 
one set of elements from the one above, using 
insulator-terminated wood spreaders about one 
foot long. An alternative is to let one antenna 
droop several feet under the other, bring ropes 
attached to the insulators back to a common sup- 


Fig. 14-22—An effective ‘‘all-band” antenna fed with a 
single length of coaxial line can be constructed by joining 
several half wavelength antennas at their centers and 
feeding them at the common point. In the example above, 
a low s.w.r. will be obtained on 80, 40, 20 and 15 meters. 
(The 7-Mc. antenna also works at 21 Mc.) If a 28-Mc. 
antenna were added, 10-meter operation could also be 
included. 

The antenna lengths can be computed from formula 
14-B. The shorter antennas can be suspended a foot or 
two below the longest one. 


port point. It has been found that a separation of 
only an inch or two between dipoles is satisfac- 
tory. By using a length of the Twin-Lead used for 
folded dipoles (one Copperweld conductor and 
one soft-drawn), the strong wire can be used for 
the low-frequency dipole. The soft-drawn wire is 
then used on a higher band, supported by the 
solid dielectric. 

A vertical antenna can be operated on several 
bands and fed witb a single length of coaxial line 
provided the antenna js no longer than 0.6 wave- 
length at the highest frequency and that a suitable 
matching network for each band is used at the base. 
A good radial or ground system is required. The 
matching sections can be housed in a weather- 
proof box and changed manually or by stepping 
relays; their form will vary from parallel-tuned 
circuits to L sections. (See McCoy, QS7’, Decem- 
ber, 1955, for description of L-section coupler. ) 


Multiband '‘'Trap’’ Antennas 


Another approach to the problem of multiband 
operation with a single untuned feed line is the 
use of parallel-tuned circuits installed in the an- 
tenna at the right points to ‘divorce’ the re- 
mainder of the antenna from the center section 
(part fed by coaxial line) as the transmitter is 
changed to a higher-frequency band. This prin- 
ciple of the divorcing circuits is utilized in a com- 
mercial “‘all-band” vertical antenna, and a 5-band 
kit for horizontal antennas is also available com- 
mercially. The divorcing circuits are also used in 
several commercial multiband beams for the 14-, 
21- and 28-Mc. bands. 

The multiband antenna system shown in Fig. 
14-23 may be of interest to the ham who wishes 
to work on several bands but doesn’t have sufh- 
cient space for an 80-meter antenna and conse- 
quently is limited to 40 meters and below. (A 
five-band antenna requires more than a 100-foot 
span; see Greenberg, QS7’, October, 1956.) 

On 40 meters the traps serve as inductors to 
load the system to 7 Me. On 20, the traps (reso- 
nant to 14.1 Me.) divorcee the B sections from the 
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antenna proper. On 28 Me. the entire antenna 
becomes approximately a 5/2-radiator. 

As shown in Fig. 14-23, each trap is literally 
built around an “egg” or “strain” insulator. In 
this type of insulator, the hole at one end is at 
right angles to the hole at the other end, and the 
wires are fastened as in Fig. 14-25. These insulators 
have greater compressive strength than tensile 
strength and will not permit the antenna to fall 
should the insulator break, since the two inter- 
looped wires prevent it. There is ample space 
within the inductor for both the insulator and 
capacitor. The plastic covers are not essential but 
are considered desirable because they provide 
mechanical protection and prevent the accumu- 
lation of ice or soot and tars which may not wash 
off the traps when it rains. 

Electrically, each trap consists of a 25-yuf. 
capacitor shunted by 4.7 uh. of inductance. A 
Centralab ceramic transmitting capacitor 857- 
25Z, rated at 15,000 volts d.c., is shown and will 
safely handle a kilowatt. Other ceramic capaci- 
tors rated at approximately 6000 volts would be 
satisfactory, as well as cheaper. The inductors are 
made of No. 12 wire, 2% inches in diameter, 6 
_turns per inch (B & W 3905-1 coil stock). 

One may wish to choose a different frequency 
in the 20-meter band for which optimum results 
are desired; for example, 14.05 Me. for c.w. opera- 
tion, 14.25 Me. for phone operation, or perhaps 
14.175 Me. for general coverage. In any case, the 
number cf inductor turns is adjusted accordingly. 


Trap Adjustment 


As a preliminary step, loops of No. 12 wire are 
fitted to one of the egg insulators in the normal 
manner (see Fig. 14-25), except that after the wraps 
are made, the end leads are snipped off close to 
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Fig. 14-23—Sketch showing dimen- 

sions of a trap dipole covering the 40-, 

20- and 10-meter bands. The total span 
is less than 60 feet. 


the wraps. A capacitor is then placed in position 
and bridged with short leads across the insulator 
and soldered sufficiently to provide temporary 
support. The combination is then slipped inside 
about 10 turns of the inductor, one end of which 
should be soldered to an insulator-capacitor lead. 
Adjustment to the resonant frequency can now 
proceed, using a grid-dip meter. 

Coupling between the g.d.o, and the trap 
should be very loose. To insure accuracy, the 
station receiver should be used to check the g.d.o. 
frequency. The inductance should be reduced 44 
turn at a time. If one is careful, the resonant fre- 
quency can easily be set to within a few kilo- 
cycles of the chosen figure. 

The reason for snipping the end leads close to 
the wraps and the inclusion of the loops through 
the egg insulator soon becomes apparent. The 
resonant frequency of the capacitor and inductor 
alone is reduced about 20 ke. per inch of end lead 
length and about 350 ke. by the insulator loops. 
The latter add approximately 2 uuf. to the fixed 
capacitor value and account for the total of 27 
wut. shown in Fig, 14-23. 


Assembly 


Having determined the exact number of in- 
ductor turns, the trap is taken apart and reas- 
sembled with leads of any convenient length. One 
may, of course, connect the entire lengths of sec- 
tions A and B to the trap at this time, if desired. 
But, if more convenient, a foot or two of wire can 
be fastened and the remaining lengths soldered on 
just before the antenna is raised. 

The protective covers are most readily formed 
by wrapping two turns (plus an overlap of % 
inch) of 0.020-inch polystyrene or lucite sheeting 
around a 3-inch plastic disk held at the center of 
the cylinder so formed. The length of 
the cover should be about 4 inches. A 
very small amount of plastic solvent 
(a cohesive cement that actually soft- 
ens the plastic surfaces) should then be 
applied under the edge of the overlap 
and the joint held firmly for about 


Fig. 14-24—The 14-Mc. trap is enclosed in a 

weatherproof cover made of plastic sheet. The 

ceramic capaciter and strain insulator are 
inside the coil. 


Vertical Antennas 


Fig. 14-25—Method of connecting the antenna wire 

to the strain insulator. The antenna wire is cut off close 

to the wrap before checking the resonant frequency 
of the trap. 


two minutes to insure a strong, tight seal. 
The disk is pushed out and the inner seam of the 
sheeting sealed. 

The trap is then placed in the plastic cylinder 
and the end disks marked where the antenna 
wires are to pass through. After drilling these 
holes, the disks are slipped over the leads, pressed 
into the ends of the cylinder and a small amount 
of solvent applied to the periphery to obtain a 
good seal. Some air can flow in and out of the trap 
through the antenna-wire holes, and this will 
prevent the accumulation of condensation. 


Length Adjustment 


Standing-wave ratios are not uniform through- 
out the band or bands for which an antenna is 
designed. In a trap antenna, the choice of fre- 
quencies for best performance is a compromise. 
After making the traps resonant at 14.1 Mc., 
sections A are adjusted for resonance. Sections 
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B are then adjusted for resonance at approxi- 
mately 7.2 Mc. For the dimensions shown, with 
the antenna about 250 ft. above street level 
and 35 ft. above electrical ground, an s.w.r. of 
virtually 1 to 1 was obtained at 7.2 Mc., with 
maximums of 1.3 and 1.1 at 7.0 and 7.3 Mce., re- 
spectively. In the 20-meter band, the s.w.r. was 
also 1 to 1 at 14.1 Mc., 1.1 at 14.0 Me. and 1.3 at 
14.3 Me. In the 10-meter band, the s.w.r. was 1.3 
to 1 at 28.0 Mce., 1.1 at 28.4 Mce., 1.5 at 29 Mc., 
and only 2.4 at the upper extreme of the band. 
The s.w.r. on 21 Me. will be high because the 
ant2nna is not resonant in that band. 

RG-59/U 73-ohm coaxial cable forms the 
transmission line and is connected to the antenna 
through a Continental Electronics & Sound Co. 
“Dipole Dri-Fit Connector.” After connecting 
the cable and antenna wires, the connector should 
be coated with several layers of insulating varnish 
to make certain that the junction is watertight. 


Vertical Antennas 


A vertical quarter-wavelength antenna is often 
used in the low-frequency amateur bands to ob- 
tain low-angle radiation. It is also used when 
there isn’t enough room for the supports for a 
horizontal antenna. For maximum effectiveness it 
should be located free of nearby objects and it 
should be operated in conjunction with a good 
ground system, but it is still worth trying where 
these ideal conditions cannot be obtained. 

Four typical examples and suggested methods 
for feeding a vertical antenna are shown in Fig. 
14-26. The antenna may be wire or tubing sup- 
ported by wood or insulated guy wires. When 
tubing is used for the antenna, or when guy wires 
(broken up by insulators) are used to reinforce 
the structure, the length given by the formula is 
likely to be long by a few per cent. A check of 
the standing-wave ratio on the line will indicate 
the frequency at which the s.w.r. is minimum, 
and the antenna length can be adjusted accord- 
ingly. 

A good ground connection is necessary for the 
most effective operation of a vertical antenna 
(other than the ground-plane type). In some 
cases a short connection to the cold-water system 
of the house will be adequate. But maximum 
performance usually demands a separate ground 
system. A single 4- to 6-foot ground rod driven 
into the earth at the base of the antenna is usu- 
ally not sufficient, unless the soil has exceptional 
conductivity. A minimum ground system that 
can be depended upon is 6 to 12 quarter wave- 
length radials laid out as the spokes of a wheel 
from the base of the antenna. These radials can 
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be made of heavy aluminum wire, of the type 
used for grounding TV antennas, buried at least 
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Fig. ae es antenna can be fed 
directly with 50-ohm coaxial line (A) with a low standing- 
wave ratio, or a coupling network can be used (B) that will 
C; should resonate to the operating frequency, and Li 
should be larger than is normally used in a plate tank 
circuit at the same frequency. By using multiwire antennas, 
the quarter-wave vertical can be fed with (C) 150- or 
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6 inches in the ground. This is normally done by 
slitting the earth with a spade and pushing the 
wire into the slot, after which the earth can be 
tamped down. 

The examples shown in Fig. 14-26 all require an 
antenna insulated from the ground, to provide 
for the feed point. A grounded tower or pipe can 
be used as a radiator by employing “shunt feed,” 
which consists_of tapping the inner conductor of 
the coaxial-line feed up on the tower until the best 
match is obtained, in much the same manner as 
the “gamma match” (described later) is used on 
a horizontal element. If the antenna is not an 
electrical quarter wavelength long, it is necessary 
to tune out the reactance by adding capacity or 
inductance between the coaxial line and the 
shunting conductor. A metal tower supporting a 
TV antenna or rotary beam can be shunt-fed only 
if all of the wires and leads from the supported 
antenna run down the center of the tower and 
underground away from the tower. 


@ THE GROUND-PLANE ANTENNA 


A ground-plane antenna is a vertical quarter- 
wavelength antenna using an, artificial metallic 
ground, usually consisting of four rods or ‘wires 
perpendicular to the antenna and extending radi- 
ally from its base. Unlike the quarter-wavelength 
vertical antennas without an artificial ground, 
the ground-plane antenna will give low-angle 
radiation regardless of the height above actual 
ground. However, to be a true ground-plane an- 
tenna, the plane of the radials should be at least 
a quarter wavelength above ground. Despite this 
one limitation, the antenna is useful for DX work 
in any band below 30 Mc. 

The vertical portion of the ground-plane an- 
tenna can be made of self-supported aluminum 
tubing, or a top-supported wire depending upon 
the necessary length and the available supports. 
The radials are also made of tubing or heavy wire 
depending upon the available supports and neces- 
sary lengths. They need not be exactly’ sym- 
metrical about the base of the vertical portion. 

The radiation resistance of a ground-plane an- 
tenna varies with the diameter of the vertical 
element. Since the radiation resistance is usually 
in the vicinity of 30 to 32 ohms the antenna can 
be fed with 75-ohm coaxial line if a quarter wave- 
length matching section of 50-ohm coaxial line is 
used between the line and the antenna. (See 
“Quarter-Wave Transformers” in this chapter.) 

For multiband operation, a ground-plane an- 
tenna can be fed with tuned open-wire line. 


Three-Band Ground-Plane Antenna 
A three-band ground-plane antenna using wire 
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elements and fed with coaxial line is shown in 
Fig. 14-27. The builder (K5AYJ) elected to 
mount it on top of a 34-foot length of galvanized 
iron pipe, since a ground-plane antenna close to 
the ground is not a ground-plane antenna at all. 
Four 17-foot “drooping radials’ form the ground 
plane and double as guy wires. These four wires 
are fastened to a pipe flange at the top of the 
mast. At one point on the mast the pipe sections 
are joined by a T fitting, which provides a con- 
venient point for bringing out the RG-8/U feed 
line. If it is more convenient to bring out the coax 
at the base of the mast, one can eliminate the T 
fitting and use an ordinary coupling. 

A cane fishing pole supports the three separate 
vertical elements. These elements, made of No. 12 
wire, are taped to the pole every three inches with 
Scotch electrical tape. The bottom end of the pole 
is jammed tight into the upper end of the support 
pipe and the coaxial line is brought out of the 
pipe through a small hole just below the bottom 
of the flange. The inner conductor of the coaxial 
line is soldered to the junction of the three verti- 
cal elements and the braid of the coaxial line is 
connected to the pipe flange. Anyone worrying 
about the insulating ability of a cane pole can for- 
get it; it is being used at a low-impedance point. 


. 34’ . 
1-1MCch pipe 


Fig. 14-27—The 14-, 21- and 28-Mc. ground-plane 

antenna uses wire elements. Vertical elements are taped 

to a cane pole; the four radials also serve as guy wires. 

The radials ‘‘droop’’ a little, making a 40-degree angle 
with the supporting 1-inch pipe. 


Antennas for 160 Meters 


Results on 1.8 Me. will depend to a large extent 
on the antenna system and the time of day or 
night. Almost any random long wire that can be 
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tuned to resonance will work during the night but 
it will generally be found very ineffective during 
the day. A vertical antenna — or rather an an- 


Antennas for 160 Meters 


tenna from which the radiation is predominantly 
vertically polarized —is probably the best for 
1.8-Mc. operation. A horizontal antenna (hori- 
zontally-polarized radiation) will give better re- 
sults during the night than the day. The verti- 
cally-polarized radiator gives a strong ground 
wave that is effective day or night, and it is to be 
preferred on 1.8 Me. 

The low-angle radiation from a_ horizontal 
antenna 4 or 44 wavelength above ground is 
almost insignificant. Any reasonable height is 
small in terms of wavelength, so that a hori- 
zontal antenna on 160 meters is a poor radiator 
at angles useful for long distances (“‘long,”’ that 
is, for this band). Its chief usefulness is over 
relatively short distances at night. 


Bent Antennas 


Since ideal vertical antennas are generally 
out of the question for practical amateur 
work, the best compromise is to bend the 
antenna in such a way that the high-current 
portions of the antenna run vertically. It is 
advisable to place the antenna so that the highest 
currents in the antenna occur at the highest 
points above actual ground. Two antenna sys- 
tems designed along these lines are shown in 
Fig. 14-28. The antenna of Fig. 14-28B uses a 
full half wavelength of wire but is bent so that 
the high-current portion runs vertically. The 
horizontal portion running to ZC, should run 
8 or 10 feet above ground. 


Grounds 


A good ground connection is generally im- 
portant on 160 meters. The ideal system is a 
number of wire radials buried a foot or two 
underground and extending 50 to 100 feet from 
the central connection point. The use of any less 
than six or eight radials is inadvisable. 

If the soil is good (not rocky or sandy) and 
generally moist, a low-resistance connection to 
the cold-water pipe system in the house will 
often serve as an adequate ground system. The 
connection should be made close to where the 
pipe enters the ground, and the surface of the 
pipe should be scraped clean before tightening 
the ground clamp around the pipe. 


A 6- or 8-foot length of 1l-inch water pipe, 
driven into the soil at a point where there is 
considerable natural moisture, can be used for 
the ground connection. Three or four pipes driven 
into the ground 8 or 10 feet apart and all joined 
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Fig. 14-28—Bent antenna for the 160-meter band. In 
the system at A, the vertical portion (length X) should be 
made as long as possible. In either antenna system, LiCi 
should resonate at 1900 kc., roughly. To adjust Lz in an- 
tenna A, resonate LiC; alone to the operating frequency, 


“then connect it to the antenna system and adjust L2 for 


maximum loading. Further loading can be obtained by 
increasing the coupling between Li and the link. 


together at the top with heavy wire are more 
effective than the single pipe. 

The use of a counterpoise is recommended 
where a buried system is not practicable or where 
a pipe ground cannot be made to have low 
resistance because of poor soil conditions. A 
counterpoise consists of a number of wires sup- 
ported from 6 to 10 feet above the surface of the 
ground. Generally the wires are spaced 10 to 15 
feet apart and located to form a square or poly- 
gonal configuratéon under the vertical portion 
of the antenna. 


Long-Wire Directive Arrays 


As the length (in wavelengths) of an antenna 
is increased, the lobes of maximum radiation 
make a more acute angle with the wire. Two long 
wires can be combined in the form of a horizontal 
“Vin the form of a horizontal rhombus, or in 
parallel, to provide a long-wire directive array. 
In the ‘“V”’ and rhombic antennas the main lobes 
reinforce along a line bisecting the acute angle 
between the wires; in the parallel antenna the 
reinforcement is along the line of the lobe. This 
reinforcement provides both gain and directivity 
along the line, since the lobes in other directions 
tend to cancel out. In general, the power gain 


depends upon the length in wavelengths of the 
wires, assuming that the proper configuration for 
a given length and height above ground is used. 
Rhombic and “V” antennas are normally bi- 
directional along the bisector line mentioned 
above. They can be made unidirectional by ter- 
minating the ends of the wires away from the 
feed point in the proper value of resistance. 
When properly terminated, “‘V’”’ and rhombic 
antennas of sufficient length work well over a 
three-to-one or four-to-one frequency range and 
hence are useful for multiband operation. 
Antenna gains of the order of 10 to 15 db. can 
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be obtained with properly-constructed long-wire 
arrays. However, the pattern is rather sharp 
with gains of this order, and rhombic and “V”’ 
beams are not used by amateurs as commonly as 
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they were, having been displaced by the rotatable 
multi-element Yagi beam. Further information 
on these antennas can be found in The ARRL 
Antenna Book. 


Beams with Driven Elements 


By combining individual half-wave antennas 
into an array with suitable spacing between the 
antennas (called elements) and feeding power to 
them simultaneously, it is possible to make the 
radiation from the elements add up along a single 
direction and form a beam. In other directions the 
radiation tends to cancel, so a power gain is ob- 
tained in one direction at the expense of radiation 
in other directions. There are several methods of 
arranging the elements. If they are strung end to 
end, so that all lie on the same straight line, the 
elements are said to be collinear. If they are 
parallel and all lying in the same plane, the ele- 
ments are said to be broad-side when the phase 
of the current is the same in all, and end-fire 
when the currents are not in phase. 


Collinear Arrays 


Simple forms of collinear arrays, with the 
current distribution, are shown in Fig. 14-29. 
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The two-element array at A is popularly known 
as “two half-waves in phase’ or a double Zepp 
antenna. It will be recognized as simply a center- 
fed dipole operated at its second harmonic. 

By extending the antenna, as_at B, the addi- 
tional gain of an extended double Zepp antenna 
can be obtained. Carrying the length beyond that 
shown will result in an ‘“‘X’’-shaped pattern that 
no longer has the maximum radiation at right 
angles to the wire. 


Fig. 14-30—Simple broadside array 
using horizontal elements. By making 
the spacing S equal to ¥% wavelength, 
the antenna at A can be used at the 
corresponding frequency and up to 
twice that frequency. Thus when de- 
signed for 14 Mc. it can also be used 
on 21 and 28 Mc. The antenna at B 
can be used on only the design band. 
This array is bidirectional, with maxi- 
mum radiation ‘broadside’’ or per- 
pendicular to the antenna plane (per- 
pendicularly through this page). Gain 
varies with the spacing S, running from 
22 to almost 5 db. (See Fig. 14-32). 
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Collinear arrays may be mounted either hori- 
zontally or vertically. Horizontal mounting gives 
increased horizontal directivity, while the vertical 
directivity remains the same as for a single ele- 
ment at the same height. Vertical mounting gives 
the same horizontal pattern as a single element, 
but concentrates the radiation at low angles. 


Broadside Arrays 


Parallel antenna elements with currents in 
phase may be combined as shown in Fig. 14-30 
to form a broadside array, so named because 
the direction of maximum radiation is broadside 
to the plane containing the antennas. Again the 
gain and directivity depend upon the spacing of 
the elements. 

Broadside arrays may be suspended either with 
the elements all vertical or with them horizontal 
and one above the other (stacked). In the former 
case the horizontal pattern becomes quite sharp, 


Fig. 14-29—Collinear antennas in 
phase. The system at A is known as 
“two half waves in phase” and has a 
gain of 1.8 db. over a half-wave an- 
tenna. By lengthening the antenna 
slightly, as in B, the gain can be in- 
creased to 3 db. Maximum radiation 
is at right angles to the antenna. The 
antenna at A is sometimes called a 
“double Zepp”’ antenna, and that at B 
is known as an ‘extended double 
Zepp.” 
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while the vertical pattern is the same as that of 
one element alone. If the array is suspended 
horizontally, the horizontal pattern is equivalent 
to that of one element while the vertical pattern 
is sharpened, giving low-angle radiation. 
Broadside arrays may be fed either by tuned 
open-wire lines or through quarter-wave match- 
ing sections and flat lines. In Fig. 14-30B, note 
the ‘crossing over” of the phasing section, which 
is necessary to bring the elements into proper 
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Fig. 14-31—Top view of a horizontal end-fire array. The 
system is fed with an open-wire line at x and y; the line 
can be of any length. Feed points x and y are equidistant 
from the two insulators, and the feed line should drop 
down vertically from the antenna. The gain of the system 
will vary with the spacing, as shown in Fig. 14-32, and is 
a maximum at ¥g wavelength. By using a length of 33 feet 
and a spacing of 8 feet, the antenna will work on 20, 15 
and 10 meters, 


phase relationship. 


End-Fire Arrays 


Fig. 14-31 shows a pair of parallel half-wave 
elements with currents out of phase. This is 
known as an end-fire array because it radiates 
best along the plane of the antennas, as shown. 

The end-fire array may be used either ver- 
tically or horizontally (elements at the same 
height), and is well adapted to amateur work 
because it gives maximum gain with relatively 
close element spacing. Fig. 14-32 shows how the 
gain varies with spacing. Eind-fire elements may 
be combined with additional collinear and broad- 
side elements to give a further increase in gain 
and directivity. 

Either tuned or untuned lines may be used with 
this type of array. Untuned lines preferably are 
matched to the antenna through a quarter-wave 
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Fig. 14-32—Gain vs. spacing for two parallel half-wave 
elements combined as either broadside or end-fire arrays. 


matching section or phasing stub. 


Combined Arrays 


Broadside, collinear and end-fire arrays may be 
combined to give both horizontal and vertical 
directivity, as well as additional gain. The lower 
angle of radiation resulting from stacking ele- 
ments in the vertical plane is desirable at the 
higher frequencies. In general doubling the num- 
ber of elements in an array by stacking will raise 
the gain from 2 to 4 db. 

Although arrays can be fed at one end as in 
Fig. 14-30B, it is not especially desirable in the 
case of large arrays. Better distribution of energy 
between elements, and hence better over-all per- 
formance will result when the feeders are at- 
tached as nearly as possible to the center of the 
array. 

A four-element array, known as the ‘‘lazy-H” 
antenna, has been quite frequently used. This 
arrangement is shown, with the feed point indi- 
cated, in Fig. 14-33. (Compare with Fig. 14-30B). 
For best results, the bottom section should be at 
least a half wavelength above ground. 
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Fig. 14-33—A four-element combination broadside- 
collinear array, popularly known as the ‘‘lazy-H”’ antenna. 
A closed quarter-wave stub may be used at the feed 
point to match into an untuned transmission line, or tuned 
feeders may be attached at the point indicated. The gain 
over.a half-wave antenna is 5 to 6 db. 


It will usually suffice to make the length of each 
element that given by Equations 14-B or 14-C. 
The phasing line between the parallel elements 
should be of open-wire construction, and _ its 
length can be calculated from: 

Length of half-wave line (feet) = 

480 
Freq. (Me.) 
Example: A half-wavelength phasing line for 


28.8 Mec. would be sek = 16.66 feet = 16 feet 


(14-H) 


8 inches, 
The spacing between elements can be made equal 
to the length of the phasing line. No special ad- 
justments of line or element length or spacing are 
needed, provided the formulas are followed 
closely. 


Directive Arrays with Parasitic Elements 


Parasitic Excitation 


The antenna arrays previously described are 
bidirectional; that is, they will radiate in direc- 
tions both to the “front”? and to the “back” of 
the antenna system. If radiation is wanted in 


only one direction, it is necessary to use different 
element arrangements. In most of these arrange- 
ments the additional elements receive power by 
induction or radiation from the driven element 
generally called the “antenna,” and reradiate it 
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Fig. 14-34—Gain vs. element spacing for an antenna and 
one parasitic element. The reference point, O db., is the 
field strength from a half-wave antenna alone. The great- 
est gain is in direction A at spacings of less than 0.14 
wavelength, and in direction B at greater spacings. The 
front-to-back ratio is the difference in db. between curves 
A and B. Variation in radiation resistance of the driven 
element also is shown. These curves are for a self resonant 
parasitic element. At most spacings the gain as a reflector 
can be increased by slight lengthening of the parasitic 
element: the gain as a director can be increased by 
shortening. This also improves the front-to-back ratio. 


in the proper phase relationship to achieve the 
desired effect. These elements are called parasitic 
elements, as contrasted to the driven elements 
which receive power directly from the transmitter 
through the transmission line. 

The parasitic element is called a director when 
it reinforces radiation on a line pointing to it 
from the antenna, and a reflector when the re- 
verse is the case. Whether the parasitic element 
is a director or reflector depends upon the para- 
sitic-element tuning, which usually is adjusted by 
changing its length. 


Gain vs. Spacing 


The gain of an antenna with parasitic elements 
varies with the spacing and tuning of the ele- 
ments and thus for any given spacing there is a 
tuning condition that will give maximum gain at 
this spacing. The maximum front-to-back ratio 
seldom if ever, occurs at the same condition that 
gives maximum forward gain. The impedance of 
the driven element also varies with the tuning 
and spacing, and thus the antenna system must 
be tuned to its final condition before the match 
between the line and the antenna can be com- 
pleted. However, the tuning and matching may 


Fig. 14-35—Gain of 3-element Yagi 
versus director spacing, the reflector 
spacing being fixed at 0.2 wavelength. 
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interlock to some extent, and it is usually neces- 
sary to run through the adjustments several times 
to insure that the best possible tuning has been 
obtained. 


Two-Element Beams 


A 2+element beam is useful where space or 
other considerations prevent the use of the 
larger structure required for a 3-element beam. 
The general practice is to tune the parasitic ele- 
ment as a reflector and space it about 0.15 wave- 
length from the driven element, although some 
successful antennas have been built with 0.1- 
wavelength spacing and director tuning. Gain vs. 
element spacing for a 2-element antenna is given 
in Fig. 14-34, for the special case where the para- 
sitic element is resonant. It is indicative of the 
performance to be expected under maximum- 
gain tuning conditions. 


Three-Element Beams 


A theoretical investigation of the 3-element 
case (director, driven element and reflector) has 
indicated a maximum gain of slightly more than 
7 db. A number of experimental investigations 
have shown that the optimum spacing between 
the driven element and reflector is in the region 
of 0.15 to 0.25 wavelength, with 0.2 wavelength 
representing probably the best over-all choice. 
With 0.2 wavelength reflector spacing. Fig. 14-35 
shows the gain variation with director spacing. 
It is obvious that the director spacing is not 
especially critical, and that the over-all length of 
the array (boom length in the case of a rotatable 
antenna) can be anywhere between 0.35 and 0.45 
wavelength with no appreciable difference in gain. 

Wide spacing of both elements is desirable not 
only because it results in high gain but also be- 
cause adjustment of tuning or element length 
is less critical and the input resistance of the 
driven element is higher than with close spacing. 
The latter feature improves the efficiency of the 
antenna and makes a greater band width possible. 
However, a total antenna length, director to re- 
flector, of more than 0.3 wavelength at frequen- 
cies of the order of 14 Me. introduces considerable 
difficulty from a constructional standpoint, so 
lengths of 0.25 to 0.3 wavelength are frequently 
used for this band, even though they are less than 
optimum. 

In general, the gain of the antenna drops off 
less rapidly when the reflector length is increased 
beyond the optimum value than it does for a cor- 
responding decrease below the optimum value 
The opposite is true of a director. It is therefore 
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Rotary Beams 


advisable to err, if necessary, on the long side for a 
reflector and on the short side for a director. This 
also tends to make the antenna performance less 
dependent on the exact frequency at which it is 
operated, because an increase above the design 
frequency has the same effect as increasing the 
length of both parasitic elements, while a decrease 
in frequency has the same effect as shortening 
both elements. By making the director slightly 
short and the reflector slightly Icng, there will be a 
greater spread between the upper and lower fre- 
quencies at which the gain starts to show a rapid 
decrease. 
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Fig. 14-36—Element lengths for a 3-element beam. 
These lengths will hold closely for tubing elements sup- 
ported at or near the center. 


When the over-all length has been decided 
upon, the element lengths can be found by re- 
ferring to Fig. 14-36. The lengths determined by 
these charts will vary slightly in actual practice 
with the element diameter and the method of 
supporting the elements, and the tuning of a beam 
should always be checked after installation. How- 
ever, the lengths obtained by the use of the charts 
will be close to correct in practically all cases, and 
they can be used without checking if the beam is 
difficult of access. 

The preferable method for checking the beam 
is by means of a field-strength meter or the 


S-meter of a communications receiver, used in 
conjunction with a dipole antenna located at 
least 10 wavelengths away and as high as or 
higher than the beam that is being checked. 
A few watts of power fed into the antenna will 
give a useful signal at the observation point, and 
the power input to the transmitter (and hence the 
antenna) should be held constant for all of the 
readings. Beams tuned on the ground and then 
lifted into place are subject to tuning errors and 
cannot be depended upon. The impedance of the 
driven element will vary with the height above 
ground, and good practice dictates that al] final 
matching between antenna and line be done with 
the antenna in place at its normal height above 
ground. 


Simple Systems: the Rotary Beam 


Two- and 3-element systems are popular for 
rotary-beam antennas, where the entire antenna 
system is rotated, to permit its gain and direc- 
tivity to be utilized for any compass direction, 
They may be mounted either horizontally 
(with the plane containing the elements paral- 
lel to the earth) or vertically. 

A 4-element beam will give still more gain 
than a 3-element one, provided the support is 
sufficient for about 0.2 wavelength spacing be- 
tween elements. The tuning for maximum gain 
involves many variables, and complete gain and 
tuning data are not available. 

The elements in close-spaced (less than one- 
quarter wavelength element spacing) arrays 
preferably should be made of tubing of one- 
half to one-inch diameter. A conductor of 
large diameter not only has less ohmic re- 
sistance but also has lower Q; both these 
factors are important in close-spaced arrays 
because the impedance of the driven element 
usually is quite low compared to that of a 
simple dipole antenna. With 3- and 4-element 
close-spaced arrays the radiation resistance of the 
driven element may be so low that ohmic losses 
in the conductor can consume an appreciable 
fraction of the power. 


Feeding the Rotary Beam 


Any of the usual methods of feed (described 
later under ‘‘Matching the Antenna to the Line’’ ) 
can be applied to the driven element of a rotary 
beam. Tuned feeders are not recommended for 
lengths greater than a half wavelength unless 
open lines of copper-tubing conductors are used. 
The popular choices for feeding a beam are the 
gamma match with series capacitor and the T 
match with series capacitors and a_half-wave- 
length phasing section, as shown in Fig. 14-37. 
These methods are preferred over any others 
because they permit adjustment of the matching 
and the use of coaxial line feed. The variable 
capacitors can be housed in small plastic cups 
for weatherproofing; receiving types with close 
spacing can be used at powers up to a few hun- 
dred watts. Maximum capacity required is usu- 
ally 140 wuf. at 14 Me. and proportionately less 
at the higher frequencies. 
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Fig. 14-37—The most popular methods of feeding the 
driven element of a beam antenna are (A) the gamma 
match and (B) the T match. The aluminum tubing or rod 
used for the matching section is usually of smaller diameter 
than the antenna element; its length will vary somewhat 
with the spacing and number of elements in the beam. 
The coaxial line in the phasing section can be cciled in a 
2- or 3-foot diameter coil instead of hanging as shown. 


If physically possible, it is better to adjust the 
matching device after the antenna has been in- 
stalled at its ultimate height, since a match 
made with the antenna near the ground may 
not hold for the same antenna in the air. 


Sharpness of Resonance 


Peak performance of a multielement para- 
sitic array depends upon proper phasing or 
tuning of the elements, which can be exact for 
one frequency only. In the case of close-spaced 
arrays, which because of the low radiation 
resistance usually are quite sharp-tuning, the 
frequency range over which optimum results 
can be secured is only of the order of 1 or 2 
per cent of the resonant frequency, or up to 
about 500 ke. at 28 Mc. However, the antenna 
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can be made to work satisfactorily over a 
wider frequency range by adjusting the direc- 
tor or directors to give maximum gain at the 
highest frequency to be covered, and by ad- 
justing the reflector to give optimum gain at 
the lowest frequency. This sacrifices some gain 
at all frequencies, but maintains more uniform 
gain over a wider frequency range. 

The use of large-diameter conductors will 
broaden the response curve of an array be- 
cause the larger diameter lowers the Q. This 
causes the reactances of the elements to change 
rather slowly with frequency, with the result 
that the tuning stays near the optimum over 
a considerably wider frequency range than is 
the case with wire conductors. 


Combination Arrays 


It is possible to combine parasitic elements 
with driven elements to form arrays composed 
of collinear driven and parasitic elements and 
combination broadside-collinear-parasitic _ ele- 
ments. Thus two or more collinear elements 
might be provided with a collinear reflector or 
director set, one parasitic element to each driven 
element. Or both directors and reflectors might 
be used. A  broadside-collinear array can be 
treated in the same fashion. 


@ THE “QUAD” ANTENNA 


The “cubical quad”’ or, simply, ‘‘quad”’ an- 
tenna consists of a pair of square loops, one-quar- 
ter wavelength on a side or one-wavelength around 
the periphery, one loop being driven and the other 
used as a parasitic reflector. The separation be- 
tween the two is usually of the order of 0.15 to 0.2 
wavelength, with the planes of the loops parallel. 

Fig. 14-88 shows typical quad arrangements, 
that at B being the more frequently used. The 
reflector is tuned by means of a stub to a lower 
frequency than the one at which the fed loop is 
driven, just as is done with the conventional 
straight elements in a driven element-reflector 
array of the parasitic type. With the reflector 
in place and properly tuned the impedance of the 
driven element at the feed pcint is of the same 
order as the characteristic impedance of coaxial 


Fig. 14-38—The cubical 
quad antenna, consisting of 
two square loops: one of 
which is driven and the 
other is used as a parasitic 
reflector. The planes of the 
loops are parallel, and 
the loops are coaxial al- 
though shown offset - in 
these drawings for clarity. 
Note the difference in feed 
points in A and B; the 
shift in feed point is neces- 
sary if both loop orienta- 
tions are to transmit signals 
of the same polarization 
(horizontal in both cases 
shown here). 
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Fig. 14-39—End and side views of a quad. Upper insert shows method of fastening antenna wire to support arms. Center 
insert shows construction of support-arm mounting bracket. Lower insert shows method of attaching feed line and stub 
to the center insulators. Two small egg insulators are used, fastened to end of lower boom as shown with a small nail. 


The length of one side is found from L (feet) = 


cable, so ordinarily the standing-wave ratio on 
the transmission line will be low enough so that 
no special means need be included for matching. 

A few measurements on the quad have indi- 
cated that its gain is roughly comparable with 
that of a three-element Yagi of ordinary design. 
A number of attempts have been made to use the 
parasitic element as a director instead of as a 
reflector, and to use both a reflector and director 
in a three-element arrangement, these have not 
generally been successful; hence the driven-ele- 
ment-reflector combination is the one universally 
used. 

The quad is a more cumbersome structure than 
an ordinary parasitic beam, but is light in-weight 
and relatively inexpensive. Diagonal spreaders, 
usually of bamboo, are used to support the cor- 
ners of the loop, the loop itself being made of 
ordinary antenna wire. The spreaders usual y 
are mounted on a boom which in general is similar 
to the booms used with Yagi antennas and is 
also similarly mounted on the mast or tower and 
rotated. The light weight permits rotation by a 
TV rotator. Constructional details of a typical 
quad are given in Fig. 14-39. 

If the fishing poles are well treated with a 
weatherproofing compound they will last several 
years. Weatherproofing compounds are available 
at all lumber dealers. Get straight poles with no 
splits in them. No insulators are necessary, the 
poles themselves acting as long insulators. The 


Fig. 14-40—A 15/10-meter quad. Tuning stubs for the 
reflectors are looped back along the tie bars. Total weight 
of this assembly, not including the mast, is 13 pounds. 


251 
f (Mc.) 


easiest wav to mount the antenna wire on the 
arms is to lay a long length of wire on the ground 
and mark it at the approximate quarter-wave 
intervals, and use these marks to indicate where 
the wire fastens to the pole. 

Dual and triple quads can be built for the bands 
20 through 10 meters. One such antenna is shown 
in Fig 14-40, a dual quad for 15 and 10 meters. 
The same supporting structure is used for the two 
antennas, making the boom length equal to 0.15 
to 0.2 wavelengths at the lower-frequency band. 
Separate coaxial cable feed lines are brought 
down from the two driven elements. In a two- 
band quad (20/15 or 15/10) the length of one side 
is obtained from 

L (eet) = 250 + (Mce.) 
In the case of any quad or combination of 


quads, each quad should be tuned up separately 
for maximum forward gain by adjusting the stub 
length on the reflector element and checking the 
field strength with a nearby ham. If accessible, 
the reflector element can be resonated with a 
grid-dip meter to a frequency just below the 
lowest to be used; this is a good starting place for 
further adjustment. The resonance of the antenna 
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system can be checked by finding the frequency 
that gives the lowest s.w.r. on the feed line; this 
lowest s.w.r. is not necessarily 1.0. If the resonant 
frequency is higher than the desired frequency, 
lengthen the driven element; shorten the element 
if the resonant frequency is too low. In the dual 
antennas that have been constructed, there has 
been little or no evidence of interaction of tuning. 


Matching the Antenna to the Line 


The load for a transmission line may be any 
device capable of dissipating r.f. power. When 
lines are used for transmitting applications the 
most common type of load is an antenna. When 
a transmission line is connected between an 
antenna and a receiver, the receiver input circuit 
(not the antenna) is-the load, because the power 
taken from a passing wave is delivered to the 
receiver. 

Whatever the application, the conditions exist- 
ing at the load, and only the load, determine the 
standing-wave ratio on the line. If the load is 
purely resistive and equal in value to the charac- 
teristic impedance of the line, there will be no 
standing waves. If the load is not purely resistive, 
and/or is not equal to the line Zo, there will be 
standing waves. No adjustments that can be 
made at the input end of the line can change the 
S.w.r., nor is it affected by changing the line 
length. 

Only in a few special cases is the load inherently 
of the proper value to match a practicable trans- 
mission line. In all other cases it is necessary 
either to operate with a mismatch and accept the 
s.w.r. that results, or else to take steps to bring 
about a proper match between the line and load 
by means of transformers or similar devices. 
Impedance-matching transformers may take a 
variety of physical forms, depending on the cir- 
cumstances. 

Note that it is essential, if the s.w.r. is to be 
made as low as possible, that the load at the point 
of connection to the transmission line be purely 
resistive. In general, this requires that the load 
be tuned to resonance. If the load itself is not 
resonant at the operating frequency the tuning 
sometimes can be accomplished in the matching 
system. 


@ THE ANTENNA AS A LOAD 


Every antenna system, no matter what its 
physical form, will have a definite value of im- 
pedance at the point where the line is to be con- 
nected. The problem is to transform this antenna 
input impedance to the proper value to match 
the line. In this respect there is no one “best” 
type of line for a particular antenna system, be- 
cause it is possible to transform impedances in 
any desired ratio. Consequently, any type of line 
may be used with any type of antenna. There are 
frequently reasons other than impedance match- 
ing that dictate the use of one type of line in 
preference to another, such as ease of installation, 
inherent loss in the line, and so on, but these are 
not considered in this section. 
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Although the input impedance of an antenna 
system is seldom known very accurately, it is 
often possible to make a reasonably close esti- 
mate of its value. The information earlier in this 
chapter can be used as a guide. 

Matching circuits may be constructed using 
ordinary coils and capacitors, but are not used 
very extensively because they must be supported 
at the antenna and must be weatherproofed. The 
systems to be described use linear transformers. 


The Quarter-Wave Transformer or 
““O”’ Section 


As described earlier in this chapter, a quarter- 
wave transmission line may be used as an im- 
pedance transformer. Knowing the antenna im- 
pedance and the characteristic impedance of the 


Antenna 


Matching 
section 


Fig. 14-41—"Q” matching section, a quarter-wave im- 
pedance transformer. 


transmission line to be matched, the required 
characteristic impedance of a matching section 
such as is shown in Fig. 13-13 is 


TaN Te (14-I) 


where Z; is the antenna impedance and Zp is 
the characteristic impedance of the line to which 
it is to be matched. 

Example: To match a 600-ohm line to an an- 


tenna presenting a 72-ohm load, the quarter- 
wave matching section would require a charac- 


teristic impedance of V72 X 600 = V 43,200 

= 208 ohms. 
The spacings between conductors of various sizes 
of tubing and wire for different surge impedances 
are given in graphical form in the chapter on 
“Transmission Lines.” (With 14-inch tubing, 
the spacing 1n the example above should be 1.5 
inches for an impedance of 208 ohms. ) 

The length of the quarter-wave matching scc- 

tion may be calculated from 


Reng: Geety = =e 


(14-J) 
where V = Velocity factor 
f = Frequency in Mc. 
Example: A quarter-wave transformer of RG-11/U_ __ 
is to be used at 28.7 Me. From the table in Chapter 


Folded Dipoles 


Thirteen, V = 0.66. 
2 = a 
Length = 246 X 0.66 -y 4.67 feet 
28.7 
= 5 feet 8 inches 


The antenna must be resonant at the operating 
frequency. Setting the antenna length by formula 
is amply accurate with single-wire antennas, but 
in other systems, particularly close-spaced arrays, 
the antenna should be adjusted to resonance be- 
fore the matching section is connected. 

When the antenna input impedance is not 
known accurately, it is advisable to construct the 
matching section so that the spacing between 
conductors can be changed. The spacing then 
may be adjusted to give the lowest possible s.w.r. 
on the transmission line. 


Folded Dipoles 


A half-wave antenna element can be made 
to match various line impedances if it is split 
into two or more parallel conductors with the 
transmission line attached at the center of 
only one of them. Various forms of such “‘folded 
dipoles” are shown in Fig. 14-42. Currents in all 
conductors are in phase in a folded dipole, and 
since the conductor spacing is small the folded 
dipole is equivalent in radiating properties to an 
ordinary single-conductor dipole. However, the 
current flowing into the input terminals of the 
antenna from the line is the current in one conduc- 
tor only, and the entire power from the line is 
delivered at this value of current. This is equiva- 
lent to saying that the input impedance of the 
antenna has been raised by splitting it up into 
two or more conductors. 


(A) Line 


(B) Line 


Fig. 14-42—The folded dipole, a method for using the 
antenna element itself to provide an impedance trans- 
formation. 


The ratio by which the input impedance of the 
antenna is stepped up depends not only on the 
number of conductors in the folded dipole but 
also on their relative diameters, since the distribu- 
tion of current between conductors is a function of 
their diameters. (When one conductor is larger 
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Fig. 14-43—Impedance transformation ratio, two-conduc- 

tor folded dipole. The dimensions dj, d2 and s are shown 

on the inset drawing. Curves show the ratio of the imped- 

ance (resistive) seen by the transmission line to the radia- 
tion resistance of the resonant antenna system. 


than the other, as in Fig. 14-42C, the larger one 
carries the greater current.) The ratio also de- 
pends, in general, on the spacing between the 
conductors, as shown by the graphs of Figs. 
14-43 and 14-44. An important special case is 
the 2-conductor dipole with conductors of equal 
diameter; as a simple antenna, not a part of a 
directive array, it has an input resistance close 
enough to 300 ohms to afford a good match to 
300-ohm Twin-Lead. 

The required ratio of conductor diameters to 
give a desired impedance ratio using two con- 
ductors may be obtained from Fig. 14-43. Similar 
information for a 3-conductor dipole is given 
in Fig. 14-44. This graph applies where all three 
conductors are in the same plane. The two con- 
ductors not connected to the transmission line 
must be equally spaced from the fed conductor, 
and must have equal diameters. The fed conduc- 
tor may have a different diameter, however. The 
unequal-conductor method has been found par- 
ticularly useful in matching to low-impedance 
antennas such as directive arrays using close- 
spaced parasitic elements. 

The length of the anteima element should be 
such as to be approximately self-resonant at the 
median operating frequency. The length is usually 
not highly critical, because a folded dipole tends 
to have the characteristics of a ‘‘thick”’ antenna 
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and thus has a relatively broad frequency-re- 
sponse curve. 


2 3 4S") 6'77, 879110 15 20 300 40 
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Fig. 14-44—Impedance transformation ratio, three-con- 
ductor folded dipole. The dimensions dj, dy and s are 
shown on the inset drawing. Curves show the ratio of the 
impedance (resistive) seen by the transmission line to the 
radiation resistance of the resonant antenna system. 


'T’’ and ''Gamma’’ Matching Sections 


The method of matching shown in Fig. 
14-45A is based on the fact that the impedance 
between any two points along a resonant antenna 
is resistive, and has a value which depends on the 
spacing between the two points. It is therefore 
possible to choose a pair of points between which 
the impedance will have the right value to match 
a transmission line. In practice, the line cannot 
be connected directly at these points because the 
distance between them is much greater than the 
conductor spacing of a practicable transmission 
line. The ““T”’ arrangement in Tig. 14-45A over- 
comes this difficulty by using a second conductor 
paralleling the antenna to form a matching section 


Fig. 14-45—The "T” match and "gamma" match. 
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to which the line may be connected. 

The “T”’ is particularly suited to use with a 
parallel-conductor line, in which case the two 
points along the antenna should be equidistant 
from the center so that electr ical balance is main- 
tained. 

The operation of this system is somewhat com- 
plex. Each “‘T’’ conductor (y in the drawing) 
forms with the antenna conductor opposite it a 
short section of transmission line. ach of these 
transmission-line sections can be considered to be 
terminated in the impedance that exists at the 
point of connection to the antenna. Thus the part 
of the antenna between the two points carries a 
transmission-line current in addition to the nor- 
mal antenna current. The two transmission-line 
matching sections are in series, as seen by the 
main transmission line. | 

If the antenna by itself is resonant at the op- 
erating frequency its impedance will be purely 
resistive, and in such case the matching-section 
lines are terminated in a resistive load. However, 
since these sections are shorter than a quarter 
wavelength their input impedance — i.e., the im- 
pedance seen by the main transmission line look- 
ing into the matching-section terminals — will 
be reactive as well as resistive. This prevents a 
perfect match to the main transmission line, since 
its load must be a pure resistance for perfect 
matching. The reactive component of the input 
impedance must be tuned out before a proper 
match can be secured. 

One way to do this is to detune the antenna just 
enough, by changing its length, to cause reactance 
of the opposite kind to be reflected to the input 
terminals of the matching section, thus cancelling 
the reactance introduced by the latter. Another 
method, which is considerably easier to adjust, is 
to insert a variable capacitor in series with the 
matching section where it connects to the trans- 
mission line, as shown in Fig. 14-37. The capaci- 
tor must be protected from the weather. 

The method of adjustment commonly used is 
to cut the antenna for approximate resonance and 
then make the spacing x some value that is con- 
venient constructionally. The distance y is then 
adjusted, while maintaining symmetry with 
respect to the center, until the s.w.r. on the trans- 
mission line is as low as possible. If the s.w.r. is 
not below 2 to 1 after this adjustment, the an- 
tenna length should be changed slightly and the 
matching-section taps adjusted again. This proc- 
ess may be continued until the s.w.r. is as close 
to 1 to 1 as possible. 

When the series-capacitor method of reactance 
compensation is used (lig. 14-37), the antenna 
should be the proper length to be resonant at the 
operating frequency. Trial positions of the match- 
ing-section taps are taken, each time adjusting 
the capacitor for minimum s.w.r., until the 
standing waves on the transmission line are 
brought down to the lowest possible value. 

The unbalanced (“gamma”) arrangement in 
Fig. 14-45B is similar in principle to the “T,”’ but 
is adapted for use with single coax line. The 
method of adjustment is the same. 


Balancing Devices 


@ BALANCING DEVICES 


An antenna with open ends, of which the half- 
wave type is an example, is inherently a balanced 
radiator. When opened at the center and fed with 
a parallel-conductor line this balance is main- 
tained throughout the system, so long as the 
causes of unbalance discussed in the transmission- 
line chapter are avoided. 

If the antenna is fed at the center through a 
coaxial line, as indicated in Fig. 14-46A, this bal- 
ance is upset because one side of the radiator is 
connected to the shield while the other is con- 
nected to the inner conductor. On the side con- 
nected to the shield, a current ean flow down over 
the outside of the coaxial line, and the fields thus 
set up cannot be canceled by the fields from the 
inner conductor because the fields znside the line 
cannot escape through the shielding afforded by 
the outer conductor. Hence these “‘antenna”’ cur- 
rents flowing on the outside of the line will be 
responsible for radiation. 


Linear Baluns 


Line radiation can be prevented by a number of 
devices whose purpose is to detune or decouple the 
line for “antenna” currents and thus greatly re- 
duce their amplitude. Such devices generally are 
known as baluns (a contraction for ‘“‘balanced to 
unbalanced’’). Fig. 14-46B shows one such ar- 
rangement, known as a bazooka, which uses a 
sleeve over the transmission line to form, with 
the outside of the outer line conductor, a shorted 
quarter-wave line section. As described earlier in 
this chapter, the impedance looking into the open 
end of such a'section is very high, so that the end 
of the outer conductor of the coaxial line is effec- 
tively insulated from the part of the line below 
the sleeve. The length is an electiricul quarter 
wave, and may be physically shorter if the insula- 
tion between the sleeve and the line is other than 
air. The bazooka has no effect on the impedance 
relationships between the antenna and the coaxial 
line. 

Another method that gives an equivalent ef- 
fect is shown at C. Since the voltages at the an- 
tenna terminals are equal and opposite (with 
reference to ground), equal and opposite currents 
flow on the surfaces of the line and second con- 
ductor. Beyond the shorting point, in the direc- 
tion of the transmitter, these currents combine to 
eancel out. The balancing section “looks like” an 
open circuit to the antenna, since it is a quarter- 
wave parallel-conductor line shorted at the far 
end, and thus has no effect on the normal antenna 
operation. However, this is not essential to the 
line-balancing function of the device, and baluns 
of this type are sometimes made shorter than a 
quarter wavelength in order to provide the shunt 
inductive reactance required in certain types of 
matching systems. 

Fig. 14-46D shows a third balun, in which equal 
and opposite voltages, balanced to ground, are 
taken from the inner conductors of the main 
transmission line and half-wave phasing section. 
Since the voltages at the balanced end are in series 
while the voltages at the unbalanced end are in 
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Fig. 14-46—Radiator with coaxial feed (A) and methods 
of preventing unbaiance currents from flowing on the out- 
side of the transmission line (B and C). The half-wave 
phasing section shown at D is used for coupling between 
an unbalanced and a balanced circuit when a 4-to-1 
impedance ratio is desired or can be accepted. 
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parallel, there is a 4-to-1 step-down in impedance 
from the balanced to the unbalanced side. This 
arrangement is useful for coupling between a 
balanced 300-ohm line and a 75-ohm coaxial line, 
for example. 


@ RECEIVING ANTENNAS 


Nearly all of the properties possessed by an 
antenna as a radiator also apply when it is 
used for reception. Current and voltage dis- 
tribution, impedance, resistance and direc- 
tional characteristics are the same in a receiv- 
ing antenna asif it were used as a transmitting 
antenna. This reciprocal behavior makes pos- 
sible the design of a receiving antenna of 
optimum performance based on the same 
considerations that have been discussed for 
transmitting antennas. 

The simplest receiving antenna is a wire of 
random length. The longer and higher the wire, 
the more energy it abstracts from the wave. Be- 
cause of the high sensitivity of modern receivers, 
sometimes only a short length of wire strung 
around the room is used for a receiving antenna, 
but such an antenna cannot be expected to give 
good performance, although it is adequate for 
loud signals on the 3.5- and 7-Mce. bands. It will 
serve in emergencies, but a longer wire outdoors 
is always better. 

The use of a tuned antenna improves the 
operation of the receiver, because the signal 
strength is greater than with a wire of random 
length. Where local electrical noise is a problem, 
as from an electrical appliance, a measure of 
relief can often be obtained by locating the an- 
tenna as high above and as far as possible from 
the noise source and power lines. The lead-in 
wire, from the center of the antenna, should be a 
coaxial line or shielded twin-conductor cable 
(RG-62/U). If the twin-conductor cable is used, 
the conductors connect to the antenna binding 
posts and the shield to the ground binding post 
of the receiver. 


Antenna Switching 
Switching of the antenna from receiver to 
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Fig. 14-47—Antenna changeover for receiving and trans- 

mitting in two-wire line (A) and coaxial line (B). The low- 

pass filter for TVI reduction should be connected between 
switch or relay and the transmitter. 


transmitter is commonly done with a change- 
over relay, connected in the antenna leads or 
the coupling link from the antenna tuner. 
If the relay is one with a 115-volt a.c. coil, the 
switch or relay that controls the transmitter 
plate power will also control the antenna relay. 
If the convenience of a relay is not desired, 
porcelain knife switches can be, used and 
thrown by hand. 

Typical arrangements are shown in Fig. 
14-47. If coaxial line is used, a coaxial relay is 
recommended, although on the lower-frequency 
bands a regular switch or change-over relay will 
work almost as well. The relay or switch contacts 
should be rated to handle at least the maximum 
power of the transmitter. 

An additional refinement is the use of an elec- 
tronic transit-receive switch, which permits full 
break-in operation even when using the trans- 
mitting antenna for receiving. For details and 
circuitry on t.r. switches, see Chapter Hight. 


Antenna Construction 


The use of good materials in the antenna 
system is important, since the antenna is 
exposed to wind and weather. To keep elec- 
trical losses low, the wires in the antenna and 
feeder system must have good conductivity 
and the insulators must have low dielectric loss 
and surface leakage, particularly when wet. 

For short antennas, No. 14 gauge hard-drawn 
enameled copper wire is a satisfactory conduc- 
tor. For long antennas and directive arrays, 
No. 14 or No. 12 enameled copper-clad steel 
wire should be used. It is best to make feeders 
and matching stubs of ordinary soft-drawn No. 
14 or No. 12 enameled copper wire, since hard- 
drawn or copper-clad steel wire is difficult to 
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handle unless it is under considerable tension 
at all times. The wires should be all in one piece; 
where a joint cannot be avoided, it should be 
carefully soldered. Open-wire TY line is excellent 
up to several hundred watts. 

In building a two-wire open line, the 
spacer insulation should be of as good quality 
as in the antenna insulators proper. For this 
reason, good ceramic spacers are advisable. 
Wooden dowels boiled in paraffin may be used 
with untuned lines, but their use is not recom- 
mended for tuned lines. The wooden dowels 
can be attached to the feeder wires by drilling 
small holes and binding them to the feeders. 

At points of maximum voltage, insulation is 
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most important, and Pyrex glass or ceramic in- 
sulators with long leakage paths are recom- 
mended for the antenna. Insulators should be 
cleaned once or twice a year, especially if they 
are subjected to much smoke and soot. 

In most cases poles or masts are desirable 
to lift the antenna clear of surrounding build- 
ings, although in some locations the antenna 
will be sufficiently in the clear when strung 
from one chimney to another or froma house- 
top to a tree. Small trees usually are not satis- 
factory as points of suspension for the antenna 
because of their movement in windy weather. 
If the antenna is strung from a point near 
the center of the trunk of a large tree, this 
difficulty is not so serious. Where the antenna 
wire must be strung from one of the smaller 
branches, it is best to tie a pulley firmly to the 
branch and run a rope through the pulley to 
the antenna, with the other end of the rope at- 
tached to a counterweight near the ground. 
The counterweight will keep the tension on the 
antenna wire reasonably constant even when 
the branches sway or the rope tightens and 
stretches with varying climatic conditions. 
~ Telephone poles, if they can be purehased 
and installed economically, make excellent 
supports because they do not ordinarily re- 
quire guying in heights up to 40 feet or so. 
Many low-cost television-antenna supports 
are now available, and they should not be 
overlooked-as possible antenna aids. 


@ “A’-FRAME MAST 


The simple and inexpensive mast shown in 
Fig. 14-48 is satisfactory for heights up to 
35 or 40 feet. Clear, sound lumber should 
be selected. The completed mast may be pro- 
tected by two or three coats of house paint. 

If the mast is to be erected on the ground, a 
couple of stakes should be driven to keep the 
bottom from slipping and it may then be 
“walked up”’ by a pair of helpers. If it is to go 
on a roof, first stand it up against the side of 
the building and then hoist it from the roof, 
keeping it vertical. The whole assembly is light 
enough for two men to perform the complete 
operation — lifting the mast, carrying it to its 
permanent berth, and fastening the guys — 
with the mast vertical all the while. lt is en- 
tirely practicable, therefore, to erect this type 
of mast on any small, flat area of roof. 

By using 2 X 3s or 2 X 4s, the height may 
be extended up to about 50 feet. The 2 X 2 is 
too flexible to be satisfactory at such heights. 


@ SIMPLE 40-FOOT MAST 


The mast shown in Fig. 14-49 is relatively 
strong, easy to construct, readily dismantled, 
and costs very little. Like the ‘‘A’’-frame, it is 
suitable for heights of the order of 40 feet. 

The top section is a single 2 X 3, bolted at 
the bottom between a pair of 2 X 3s with an 
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Fig. 14-48—Details of a simple 40-foot "A”-frame mast 
suitable for erection in locations where space is limited. 


overlap of about two feet. The lower section 
thus has two legs spaced the width of the nar- 
row side of a 2 X 3. At the bottom the two 
legs are bolted to a length of 2 & 4 which is 
set in the ground. A short length of 2 X 8 is 
placed between the two legs about halfway up 


TOP GUYS 


CENTER GUYS 


Fig. 14-49—A simple 
and sturdy mast for 
heights in the vicinity 
of 40 feet, pivoted at 
the base for easy erec- 
tion. The height can 
be extended to 50 feet 
or more by using 2 X 
As instead of 2 X 3s. 
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the bottom section, to maintain the spacing. 

The two back guys at the top pull against 
the antenna, while the three lower guys pre- 
vent buckling at the center of the pole. 

The 2 X 4 section should be set in the ground 
so that it faces the proper direction, and then 
made vertical by lining it up with a plumb bob. 
The holes for the bolts should be drilled before- 
hand. With the lower section laid on the 
ground, bolt A should be slipped in_ place 
through the three pieces of wood and tightened 
just enough so that the section can turn freely 
on the bolt. Then the top section may be bolted 
in place and the mast pushed up, using a ladder 
or another 20-foot 2 * 3 for the job. As the 
mast goes up, the slack in the guys can be taken 
up so that the whole structure is in some meas- 
ure continually supported. When the mast is 
vertical, bolt 2 should be slipped in place and 
both A and £& tightened. The lower guys can 
then be given a final tightening, leaving those 
at the top a little slack until the antenna is 
pulled up, when they should be adjusted to pull 
the top section into line. 


@ GuYS AND GUY ANCHORS 


For masts or poles up to about 50 feet, No. 
12 iron wire is a satisfactory guy-wire material. 
Heavier wire or stranded cable may be used for 
taller poles or poles installed in locations where 
the wind velocity is likely to be high. 

More than three guy wires in any one set 
usually are unnecessary. If a horizontal an- 
tenna is to be supported, two guy wires in the 
top set will be sufficient in most cases. These 
should run to the rear of the mast about 100 
degrees apart to offset the pull of the antenna. 
Intermediate guys should be used in sets of 
three, one running in a direction opposite to 
that of the antenna, while the other two are 
spaced 120 degrees either side. This leaves a 
clear space under the antenna. The guy wires 
should be adjusted to pull the pole slightly 
back from vertical before the antenna is hoisted 
so that when the antenna is pulled up tight the 
mast will be straight. 

When raising a mast that is big enough to 
tax the available facilities, it is some advantage 
to know nearly exactly the length of the guys. 
Those on the side on which the pole is lying can 
then be fastened temporarily to the anchors 
beforehand, which assures that when the pole is 
raised, those holding opposite guys will be 
able to pull it into nearly vertical position with 
no danger of its getting out of control. The guy 
lengths can be figured by the right-angled- 
triangle rule that ‘‘the sum of the squares of 
the two sides is equal to the square of the 
hypotenuse.” In other words, the distance from 
the base of the pole to the anchor should be 
measured and squared. To this should be 
added the square of the pole length to the 
point where the guy is fastened. The square 
root of this sum will be the length of the guy. 

Guy wires should be broken up by strain 
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insulators, to avoid the possibility of resonance 
at the transmitting frequency. Common prac- 
tice is to insert an insulator near the top of 
each guy, within a few feet of the pole, and 
then cut each section of wire between the 
insulators to a length which will not be 
resonant either on the fundamental or har- 
monies. An insulator every 25 feet will be 
satisfactory for frequencies up to 30 Mc. The 
insulators should be of the “egg” type with 
the insulating material under compression, so 
that the guy will not part if the insulator breaks. 

Twisting guy wires onto “‘egg”’ insulators may 
be a tedious job if the guy wires are long and of 
large gauge. A simple time- and finger-saving 


Hold here with pliers 


Fig. 14-50—Using a lever for twisting heavy guy wires. 


device (piece of heavy iron or steel) can be made 
by drilling a hole about twice the diameter of 
the guy wire about a half inch from one end of 
the piece. The wire is passed through the insu- 
lator, given a single turn by hand, and then held 
with a pair of pliers at the point shown in Fig. 
14-50. By passing the wire through the hole in 
the iron and rotating the iron as shown, the wire 
may be quickly and neatly twisted. 

Guy wires may be anchored to a tree or build- 
ing when they happen to be in convenient spots. 
For small poles, a 6-foot length of 1-inch pipe 
driven into the ground at an angle will suffice. 


@ HALYARDS AND PULLEYS 


Halyards or ropes and pulleys are important 
items in the antenna-supporting system. Par- 
ticular attention should be directed toward the 
choice of a pulley and halyards for a high mast 
since replacement, once the mast is in position, 
may be a major undertaking if not entirely 
impossible. 

Galvanized-iron pulleys will have a life of only 
a year or so. Especially for coastal-area installa- 
tions, marine-type pulleys with hardwood blocks 
and bronze wheels and bearings should be used. 

For short antennas and temporary installa- 
tions, heavy clothesline or window-sash cord may 
be used. However, for more permanent jobs, 
3-inch or 44-inch waterproof hemp rope should 
be used. Even this should be replaced about. 
once a year to insure against breakage. 


Rotary Beam Construction 


Fig. 14-51—An antenna lead-in pane! may be placed 

over the top sash or under the lower sash of a window. 

Substituting a smaller height sash in half the window will 

simplify the weatherproofing problem where the sash 
overlaps. 


It is advisable to carry the pulley rope back 
up to the topin ‘‘endless”’ fashion in the manner 
of a flag hoist so that if the antenna breaks close 
to the pole, there will be a means for pulling 
the hoisting rope back down. 


@ BRINGING THE ANTENNA OR 
FEED LINE INTO THE STATION 


The antenna or transmission line should be 
anchored to the outside wall of the building, as 
shown in Tig. 14-52, to remove strain from the 
lead-in insulators. Holes cut through the walls 
of the building and fitted with feed-through 
insulators are undoubtedly the best means of 


Fig. 14-52—A—Anchoring feeders takes the 

strain from feed-through insulators or window 

glass. B—Going through a full-length screen, a 

cleat is fastened to the frame of the screen on the 

inside. Clearance holes are cut in the cleat and also 
in the screen, 


bringing the line into the station. The holes 
should have plenty of air clearance about the 
conducting rod, especially when using tuned 
lines that develop high voltages. Probably 
the best place to go through the walls is the 
trimming board at the top or bottom of a win- 
dow frame which provides flat surfaces for 
lead-in insulators. Cement or rubber gaskets may 
be used to waterproof the exposed joints. 

Where such a procedure is not permissible, 
the window itself usually offers the best oppor- 
tunity. One satisfactory method is to drill 
holes in the glass near the top of the upper sash. 
If the glass is replaced by plate glass, a stronger 
job will result. Plate glass may be obtained 
from automobile junk yards and drilled before 
placing in the frame. The glass itself provides 
insulation and the transmission line may be 
fastened to bolts fitting the holes. Rubber 
gaskets will render the holes waterproof. The 
lower sash should be provided with stops to 
prevent damage when it is raised. If the win- 
dow has a full-length screen, the scheme shown 
in Fig. 14-52B may be used. 

As a less permanent method, the window may 
be raised from the bottom or lowered from the 
top to permit insertion of a board which carries 
the feed-through insulators. This lead-in arrange- 
ment can be made weatherproof by making an. 
overlapping joint between the board and window 
sash, as shown in Fig. 14-51, or by using weather- 
strip material where necessary. 

Coaxial line can be brought through clearance 
holes without additional insulation. 
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Rotary-Beam Construction 


It is a distinct advantage to be able to shift 
the direction of a beam antenna at will, thus 
securing the benefits of power gain and direc- 
tivity in any desired compass direction. A 
favorite method of doing this is to construct 
the antenna so that it can be rotated in the 
horizontal plane. The use of such rotatable 
antennas is usually limited to the higher fre- 
quencies — 14 Me. and above—and to the 
simpler antenna-element combinations if the 
structure size is to be kept within practicable 
bounds. For the 14-, 21- and 28-Me. bands such 
antennas usually consist of two to four ele- 
ments and are of the parasitic-array type de- 
scribed earlier in this chapter. At 50 Mc. and 


higher it becomes possible to use more elabo- 
rate arrays because of the shorter wavelength 
and thus obtain still higher gain. Antennas for 
these bands are described in another chapter. 

The problems in rotary-beam construction 
are those of providing a suitable mechanical 
support for the antenna elements, furnishing 
a means of rotation, and attaching the trans- 
mission line so that it does not interfere with 
the rotation of the system. 


Elements 


The antenna elements usually are made of 
metal tubing so that they will be at least 
partially self-supporting, thus simplifying the 
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Fig. 14-53—Details of telescoping tubing for beam 
elements. 


supporting structure. The large diameter of 
the conductor is beneficial also in reducing 
resistance, which becomes an important con- 
sideration when close-spaced elements are used. 

Aluminum alloy tubes are generally used for 
the elements. The elements frequently are con- 
structed of sections of telescoping tubing making 
length adjustments for tuning quite easy. Electri- 
cian’s thin-walled conduit also is suitable for 
rotary-beam elements. Regardless of the tubing 
used, the ends should be plugged up with corks 
sealed with glyptal varnish. 

The element lengths are made adjustable by 
sawing a 6- to 12-inch slot in the ends of the 
larger-diameter tubing and clamping the smaller 
tubing inside. Homemade clamps of aluminum 
can be built, or hose clamps of suitable size can 
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be used. An example of this construction is shown 
in Fig. 14-53. If steel clamps are used, they should 
be cadmium- or zinc-plated before installation. 


Supports 


Metal is commonly used to support the ele- 
ments of the rotary beam. For 28 Mce., a piece of 
2-inch diameter duraluminum tubing makes a 
good ‘‘boom”’ for supporting the elements. 
The elements can be made to slide through 
suitable holes in the boom, or special clamps 
and brackets can be fashioned to support the 
elements. Fittings for TV antennas can often be 
used on 21- and 28-Mce. beams. “Irrigation pipe” 
is a good source of aluminum tubing up to di- 
ameters of 6 inches and lengths of 20 feet. 
Muffler clamps can be used to hold beam ele- 
ments to a boom. 

Most of the TV antenna rotators are satisfac- 
tory for turning the smaller beams. 

With all-metal construction, delta, ““gamma”’ 
or ““T’’-match are the only practical matching 
methods to use to the line, since anything else 
requires opening the driven element at the cen- 
ter, and this complicates the support problem for 
that element. 


“Plumber’'s-Delight” Construction 


The lightest beam to build is the so-called 
‘olumber’s delight”, an array constructed en- 
tirely of metal, with no insulating members be- 
tween the elements and the supporting structure. 
Some suggestions for the constructional details 
are given in Figs. 14-54, 14-55 and 14-56. These 
show portions of a 4-element 10-meter beam, but 
the same principles hold for 15- and 20-meter 
beams. 

Boom material can be the irrigation pipe sug- 
gested earlier (available from Sears Roebuck). 
Muffler clamps and homemade brackets (alumi- 
num or cadmium-plated steel) can be used to 
hold the parasitic elements to the boom, as 


Fig. 14-54—Muffler clamps can be used to hold beam 

elements to the boom. The angle can be aluminum angle 

or angle iron; if iron is used it should be cadmium plated. 

This example shows a %4-inch-diameter element held to a 
2-inch diameter boom. 
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shown in Fig. 14-54. The muffler clamps and all 
hardware should be cadmium-plated to forestall 
corrosion; the plating can be done at a plating 
shop and will not be very expensive if it is all 
done at the same time. 


Fig. 14-55—The boom can be tied to the mast with muffler 
clamps and a steel plate. The coaxial line from the driven 
element is taped to the boom and mast. 


Muffler clamps and a steel plate can be used 
to held the boom to the supporting mast, as 
shown in Fig. 14-55. For maximum strength, the 
mast section should be a length of galvanized 
iron pipe. The plate thickness should run from 
346 inch for a 10-meter beam to 1% inch or 
more for a 20-meter beam. Steel plates of this 
thickness are best cut in a welding shop, where 
it can be done quickly for a nominal fee. After 
the plate has been cut and the muffler-clamp 
holes drilled, the plate, clamps and hardware 
should be plated. 

The photograph in Fig. 14-56 shows one way 


Rotary Beam Consiruction 


a T-matched driven element can be assembled 
with its half-wave balun. Three coaxial chassis 
receptacles are fastened to a 14-inch thick sheet 
of phenolic that is supported below the driven 
element by three aluminum straps. The two T 
rods are also supported by the phenolic sheet at 
the inner ends and by suitable straps at the 
outer ends where they make up to the driven 
element. 


Rotation 


It is convenient but not essential to use a motor 
to rotate the beam. If a rope-and-pulley arrange- 
ment can be brought into the operating room 
or if the pole can be mounted near a window in 
the operating room, hand rotation will work. 

If the use of a rope and pulleys is impracticable, 
motor drive is about the only alternative. There 
are several complete motor driven rotators on 
the market, and they are easy to mount, con- 
venient to use, and require little or no main- 
tenance. Generally speaking, light-weight units 
are better because they reduce the tower load. 


A Compact 14-Mc. 


A 20-meter beam no larger than the usual 
10-meter beam can be made by using center- 
loaded elements and close spacing. Such an 
antenna will show good directivity and can be 
rotated with a TV-antenna rotator. 

Constructional details of the elements are 
shown in Figs. 14-57 and 14-58. The loading 
coils are space-wound by interwinding plumb 
line (sometimes known as chalk line) with the 
No. 12 wire coils. The coil ends are secured by 
drilling small holes through the polystyrene bar, 
as shown in Fig. 14-60. The coils should be 
sprayed or painted with Krylon before installing 
the protective Lucite tubes. 

The beam will require 4-foot lengths of the 
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Fig. 14-56—Details of a coaxial-line termination board 

and T-match support for a 10-meter beam. The balun 

of a half-wavelength of coaxial line is coiled and then 
fastened to the boom with tape. 


The speed of rotation should not be too 
great — one or 1! r.p.m. is about right. This 
requires a considerable gear reduction from 
the usual 1750-r.p.m. speed of small induction 
motors; a large reduction is advantageous 
because the gear train will prevent the beam 
from turning in weather-vane fashion in a 
wind. The usual beam does not require a great 
deal of power for rotation at slow speed, and a 
14-hp. motor will be ample. A reversible motor 
should be used. War-surplus “‘prop pitch”? motors 
have found wide application for rotating 14-Mce. 
beams, while TV rotators can be used with many 
28-Me. lightweight beams. 

Driving motors and gear housings will stand 
the weather better if given a coat of aluminum 
paint followed by two coats of enamel and a coat 
of glyptal varnish. Even commercial units will 
last longer if treated with glyptal varnish. Be 
sure that the surfaces are clean and free from 
grease before painting. Grease can be removed 
by brushing with kerosene and then squirting 
the surface with a solid stream of water. The 
work can then be wiped dry with a rag. 

The power and control leads to the rotator 
should be run in electrical conduit or in lead 
covering, and the metal should be grounded. 


3-Element Beam 


tubings indicated in Fig. 14-57A. For good tele- 
scoping, element wall thickness of 0.058 inch is 
recommended. The ends of the tubing sections 
should be slotted to permit adjustment, and se- 
cured with clamps, so that the joints will not work 
loose in the wind. Perforated ground clamps can 
be used for this purpose. The boom is a 12-foot 
length of 11-inch o.d. 61ST aluminum tubing, 
with 0.125-inch wall. 

The line is coupled and matched at the center 
of the driven element through adjustment of the 
link wound on the outside of the Lucite tubing. 
To check the adjustment. of the elements, first, 
resonate the driven element to the desired fre- 
quency in the 14-Mce. band with a grid-dip oscil- 
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lator. Then resonate the director to approxi- 
mately 14.8 Me., and the reflector to approxi- 
mately 13.6 Me. This is not critical and only 
serves as a rough point for the final tuning, which 
is done by use of a conventional field-strength 
indicator. Check the transmitter loading and re- 
adjust if necessary. Adjust the director for maxi- 
mum forward gain, and then adjust the reflector 
for maximum forward gain. At this point, check 
the driven element for resonance and readjust if 
necessary. Turn the reflector toward the field- 
strength indicator and adjust for back cut-off. 


LUCITE END PLATE 


Fig. 14-58—Detailed sketch of the 

loading and coupling coils at the center 

of the driven element, and its mounting. 

Similar loading coils (see text) are used 

at the centers of the director and re- 
flector. 


A “One-Element 


The directional properties of a simple half- 
wavelength antenna become more apparent at 
higher frequencies, and it is possible to take ad- 
vantage of this fact to build a “‘one-element 
rotary” for 21 or 28 Mc. To take advantage of 
the directional properties of the antenna, it is 
only necessary to rotate it 180 degrees. It can be 
rotated by hand, as will be described, or by a 
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Fig. 14-57—Dimensions of a compact 14- 
Mc. beam. A—Side view of a typical ele- 
ment. TV-antenna "U” clamps hold the sup- 
port arms to the boom. Birnbach 4176 insu- 
lators support the elements. B—Top plan 
of the beam showing element spacing and 
loading-coil dimensions. Elements are made 
of aluminum tubing. Construction of the. 
loading coils and adjustment of the ele-: 
ments are discussed in the text. End-section 
lengths of 41 inches for the reflector, 40 
inches for the driven element, and 10 inches 
for the director will be close to optimum. 


4/ turns 


This must be done in small steps. Do not expect 
the attenuation off the sides of a short beam to 
be as high as that obtained with full-length ele- 
ments. The s.w.r. of the line feeding the antenna 
can be checked with a bridge, and after the ele- 
ments have been tuned, a final adjustment of the 
s.w.r. can be made by adjusting the coupling at 
the antenna loading coil turns and spacing. As 
in any beam, the s.w.r. will depend upon this 
adjustment and not on any that can be made 
at the transmitter. Transmitter coupling is the 
usual for any coaxial line, 
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5-turn link matches 52-ohm ling 


Rotary’ for 21 Mc. 


small TV antenna rotator. A 28-Mec. antenna 
should be made full size (14-C) and fed at the 
center with RG-11/U. 

The 21-Mc. antenna is made from two pieces of 
14-inch diameter electrical thin-wall steel tubing 
or conduit. This tubing is readily available at any 
electric supply shop. It comes in 10-foot lengths 
and, while 20 feet is short for a half-wave antenna 
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Fig. 14-59—(A) Diagram of the 21-Mc. an- 
tenna and mounting. The U-bolts that hold the 
2 by 2 to the floor flange are standard 2-inch 
TV mast type bolts. (B) A more detailed draw- 
ing of the coil and coax-fitting mountings. The 
Y%-inch spacing between turns is not critical, 
and they can vary as much as Me inch without 
any apparent harm to the match. 


Gil L, 
ie 017 kar 
te Copper Tubing 


at 21-Mc., with loading the length is just about 
right for 52-ohm line feed. (A half-wavelength 
antenna would normally be fed with 72-ohm 
cable, since the antenna offers a good match for 
this impedance value. In this antenna system, 
the shorter elements, plus the small coil, offer a 
good match for 52-ohm cable.) If aluminum tub- 
ing is available, it can be used in place of the 
conduit, and the antenna will be lighter in weight. 
As shown in Figs. 14-59 and 14-60, the two pieces 
of tubing are supported by four stand-off insula- 
tors on a four foot long 2 by 2. The coax fitting 
for the feed line is mounted on the end of one of 
the lengths of tubing. A mounting point is made 
by flattening the end of the tubing for a length 
of about 11% inches. The tubing can be flattened 
by squeezing it in a vise or by laying the end of 
the tubing on a hard surface and then hammering 
it flat. This will provide enough space to accom- 
modate the coax fitting (Amphenol type 83-1R). 
A %-inch hole will be needed in the flat section 
to clear the shell of the coax fitting. 


Fig. 14-60—A close-up of the coil and coax 

fitting mountings. Be sure that the coil doesn’t 

short out to the outer conductor when soldering 

the coil end to the inner conductor pin on the 
coax fitting. 


The coil, £;, is made from -inch diameter 
copper tubing. It consists of 5 turns spaced 14 
inch apart and is 1 inch inside diameter. The coil 
is connected in series with the inner conductor 
pin on the coax fitting and the other half of the 
antenna. To secure a good connection at the coax 
fitting, the coil lead should be wound around the 
inner-conductor pin and soldered. The other end 
of the coil can be connected with a screw and nut. 


Mounting 


The antenna can be mounted on a 1-inch floor 
flange and held in place by two 2-inch bolts, as 
shown in Fig. 14-61. The floor flange can be 
connected to a 12-foot length of 1-inch pipe 
which will serve as a mast. Television antenna 
wall mounts can be used to support the mast. 

In the installation shown in Fig. 14-61, 19-inch 
wall mounts were used in order to clear the eaves 
of the house. A 2-inch long piece of 114-inch pipe 
was used as a sleeve, and it was clamped in the 
U bolt on the bottom wall mount. A 14-inch hole 
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Fig. 14-61—Over-all view of the antenna and mounting. 
The feed line comes out of the bottom of the mast and 
through the wall into the shack. 


was drilled through the mast pipe approximately 
6 inches from the bottom. Then a 1%-inch bolt 
was slipped through the hole and the mast was 
then mounted in the sleeve on the bottom wall 
mount. The bolt acted as a bearing point against 
the top of the sleeve. Another 44-inch hole was 
drilled through the mast about three feet above 
the bottom wall mount. A piece of 14-inch metal 
rod, six inches long, was forced through the hole 
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so that the rod projected on each side of the mast. 
To turn the mast, a piece of rope was attached 
to each end of the rod and the rope was brought 
into the shack, so that the antenna could be ro- 
tated by the “‘arm-strong”’ method. Obviously, 
one could spend more money for a “de luxe” 
version and use a TV antenna rotator and mast. 

RG-8/U 52-ohm coax cable is recommended to 
feed the antenna. For power inputs up to 100 
watts, the smaller and less expensive RG-58/U 
can be used. However, when you buy RG-58/U, 
be sure that the line is made by a reputable 
manufacturer (such as Amphenol or Belden). 
Some of the line made for TV installations is of 
inferior quality and js likely to have higher losses. 
The feedline was fed up through the mast pipe 
and through a 34-inch hole in the 2 by 2. An 
Amphenol 83-1SP fitting on the end of the coax 
line connects to the female fitting on the antenna. 


Coupling to the Transmitter 


It may be found that, when the feed line is 
coupled to the transmitter, the antenna won’t 
take power. Since the line is terminated at the 
antenna in its characteristic impedance of 52 
ohms, the output of the final r.f. amplifier must 
be adjusted to couple into a 52-chm load. Where 
the output coupling device is a variable link, all 
that may be needed is the correct setting of the 
link. If the link is fixed, one end of the link can be 
grounded to the transmitter chassis and the other 
end of the link connected in series with a small 
variable capacitor to the inner conductor of the 
feed line. The outer conductor of the coax is 
grounded to the transmitter chassis. The ca- 
pacitor is tuned to the point where the final ampli- 
fier is properly loaded. For transmitters having 
a pi-network output circuit, it is merely a matter 
of adjusting the network to the point where the 
amplifier is properly loaded. 
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CHAPTER 15 


Wave Propagation 


Much of the appeal of amateur communica- 
tion lies in the fact that the results are not always 
predictable. Transmission conditions on the 
same frequency vary with the year, season and 
with the time of day. Although these variations 
usually follow certain established patterns, many 
peculiar effects can be observed from time to 
time. Every radio amateur should have some 
understanding of the known facts about radio 
wave propagation so that he will stand some 
chance of interpreting the unusual conditions 


when they occur. The observant amateur is in an 
excellent position to make worthwhile contribu- 
tions to the science, provided he has sufficient 
background to understand his results. He may 
discover new facts about propagation at the very- 
high frequencies or.in the microwave region, as 
amateurs have in the past. In fact, it is through 
amateur efforts that most of the extended-range 
possibilities of various radio frequencies have 
been discovered, both by accident and by long 
and careful investigation. 


Characteristics of Radio Waves 


Radio waves, like other forms of electromag- 
netic radiation such as light, travel at a speed 
of 300,000,000 meters per second in free space, 
and can be reflected, refracted, and diffracted. 

An electromagnetic wave is composed of mov- 
ing fields of electric and magnetic force. The lines 
of force in the electric and magnetic fields are at 
right angles, and are mutually perpendicular to 


Electric lines of Force 


Fig. 15-1—Representation of electric and magnetic lines 

of force in a radio wave. Arrows indicate instantaneous 

directions of the fields for a wave traveling toward the 

reader. Reversing the direction of one set of lines would 
reverse the direction of travel. 


the direction of travel. A simple representation of 
a wave is shown in Fig. 15-1. In this drawing the 
electric lines are perpendicular to the earth and 
the magnetic lines are horizontal. They could, 
however, have any position with respect to earth 
so long as they remain perpendicular to each 
other. 

The plane containing the continuous lines of 
electric and magnetic force shown by the grid- or 
mesh-like drawing in Fig. 15-1 is called the wave 
front. 

The medium in which electromagnetic waves 
travel has a marked influence on the speed with 


which they move. When the medium is empty 
space the speed, as stated above, is 300,000,000 
meters per second. It is almost, but not quite, 
that great in air, and is much less in some other 
substances. In dielectrics, for example, the speed 
is inversely proportional to the square root of the 
dielectric constant of the material. 

When a wave meets a good conductor it can- 
not penetrate it to any extent (although it will 
travel through a dielectric with ease) because the 
electric lines of force are practically short- 
circuited. 


Polarization 


The polarization of a radio wave is taken as 
the direction of the lines of force in the electric 
field. If the electric lines are perpendicular to the 
earth, the wave is said to be vertically polarized; 
if parallel with the earth, the wave is horizon- 
tally polarized. The longer waves, when traveling 
along the ground, usually maintain their polari- 
zation in the same plane as was generated at the 
antenna. The polarization of shorter waves may 
be altered during travel, however, and sometimes 
will vary quite rapidly. 


Spreading 


The field intensity of a wave is inversely pro- 
portional to the distance from the source. Thus 
if in a uniform medium one receiving point is 
twice as far from the transmitter as another, the 
field strength at the more distant point will be 
just half the field strength at the nearer point. 
This results from the fact that the energy in the 
wave front must be distributed over a greater 
area as the wave moves away from the source. 
This inverse-distance law is based on the as- 
sumption that there is nothing in the medium to 
absorb energy from the wave as it travels. This 
is not the case in practical communication along 
the ground and through the atmosphere. 


Types of Propagation 


According to the altitudes of the paths along 
which they are propagated, radio waves may 
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be classified as ionospheric waves, tropospheric 
waves or ground waves. 

The ionospheric wave or sky wave is that part 
of the total radiation that is directed toward the 
ionosphere. Depending upon variable conditions 
in that region, as well as upon transmitting 
wave length, the ionospheric wave may or may 
not be returned to earth by the effects of refrac- 
tion and reflection. 

The tropospheric wave is that part of the total 
radiation that undergoes refraction and reflec- 
tion in regions of abrupt change of dielectric 
constant in the troposphere, such as may occur at 
the boundaries between air masses of differing 
temperature and moisture content. 

The ground wave is that part of the total radia- 


15-WAVE PROPAGATION 


as Direct Wave R 
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Fig. 15-2—Showing how both direct and reflected waves 
may be received simultaneously. 


tion that is directly affected by the presence of 
the earth and its surface features. The ground 
wave has two components. One is the surface 
wave, which is an earth-guided wave, and the 
other is the space wave (not to be confused with 
the ionospheric or sky wave). The space wave is 
itself the resultant of two components — the 
direct wave and the ground-reflected wave, as 
shown in Fig. 15-2. 


Ionospheric Propagation 


@ PROPERTIES OF THE IONOSPHERE 


Iixcept for distances of a few miles, nearly all 
amateur communication on frequencies below 
30 Me. is by means of the sky wave. Upon leav- 
ing the transmitting antenna, this wave travels 
upward from the earth’s surface at such an angle 
that it would continue out into space were its 
path not bent sufficiently to bring it back to 
earth. The medium that causes such bending is 
the ionosphere, a region in the upper atmosphere, 
above a height of about 60 miles, where free ions 
and electrons exist in sufficient quantity to have 
an appreciable effect on wave travel. 

The ionization in the upper atmosphere is be- 
lieved to be caused by ultraviolet radiation from 
the sun. The ionosphere is not a single region but 
is composed of a series of layers of varying den- 
sities of ionization occurring at different heights. 
Each layer consists of a central region of rela- 
tively dense ionization that tapers off in inten- 
sity both above and below. 


Refraction 


The greater the intensity of ionization in a 
layer, the more the path of the wave is bent. The 
bending, or refraction (often also called re- 
flection), also depends on the wavelength; the 
longer the wave, the more the path is bent for 
a given degree of ionization. Thus low-frequency 
waves are more readily bent than those of high 
frequency. For this reason the lower frequencies 
— 3.5 and 7 Mc. —are more “reliable” than 
the higher frequencies — 14 to 28 Me.; there 
are times when the ionization is of such low value 
that waves of the latter frequency range are not 
bent enough to return to earth. 


Absorption 


In traveling through the ionosphere the wave 
gives up some of its energy by setting the ionized 
particles into motion. When the moving ionized 
particles collide with others this energy is lost. 
The absorption from this cause is greater at lower 
frequencies. It also increases with the intensity of 


390 


ionization, and with the density of the atmos- 
phere in the ionized region. 


Virtual Height 


Although an ionospheric layer is a region of 
considerable depth it is convenient to assign to 
it a definite height, called the virtual height. 
This is the height from which a simple reflection 
would give the same effect as the gradual bend- 


Fig. 15-3—Bending in the ionosphere, and the echo or 
reflection method of determining virtual height. 


ing that actually takes place, as illustrated in 
Fig. 15-3. The wave traveling upward is bent back 
over a path having an appreciable radius of 
turning, and a measurable interval of time is 
consumed in the turning process. The virtual 
height is the height of a triangle having equal 
sides of a total length proportional to the time 
taken for the wave to travel from 7’ to f. 


Normal Structure of the Ionosphere 


The lowest useful ionized layer is called the 
E layer. The average height of the region of 
maximum ionization is about 70 miles. The air — 
at this height is sufficiently dense so that the 
ions and electrons set free by the sun’s radiation 
do not travel far before they meet and recombine 
to form neutral particles, so the layer can main- 
tain its normal intensity of ionization only in the 
presence of continuing radiation from the sun. 
Hence the ionization is greatest around local 
noon and practically disappears after sun- 
down. 

In the daytime there is a still lower ionized 


Sky-Wave Propagation 


area, the D region. D-region ionization is propor- 
tional to the height of the sun and is greatest at 
noon. The lower amateur-band frequencies (1.8 
and 3.5 Me.) are almost completely absorbed 
by this layer, and only the high-angle radiation is 
reflected by the EF layer. (Lower-angle radiation 
travels farther through the D region and is ab- 
sorbed. ) 

The second principal layer is the F layer, 
which has a height of about 175 miles at night. 
At this altitude the air is so thin that recombina- 
tion of ions and electrons takes place very slowly. 
The ionization decreases after sundown, reaching 
a minimum just before sunrise. In the daytime 
the F layer splits into two parts, the Fy and F» 
layers, with average virtual heights of, respec- 
tively, 140 miles and 200 miles. These layers are 
most highly ionized at about local noon, and 
merge again at sunset into the F layer. 


Pp SKY-WAVE PROPAGATION 
Wave Angle 


The smaller the angle at which a wave leaves 
the earth, the less the bending required in the 
ionosphere to bring it back. Also, the smaller 
the angle the greater the distance between the 
point where the wave leaves the earth and that 
at which it returns. This is shown in Fig. 15-4. 
The vertical angle that the wave makes with a 
tangent to the earth is called the wave angle or 
angle of radiation. 


Skip Distance 


More bending is required to return the wave 
to earth when the wave angle is high, and at 
times the bending will not be sufficient unless 
the wave angle is smaller than some critical 
value. This is illustrated in Fig. 15-4, where A 
and smaller angles give useful signals while waves 
sent at higher angles penetrate the layer and are 
not returned. The distance between T and R; is, 
therefore, the shortest possible distance, at that 
particular frequency, over which communication 
by ionospheric refraction can be accomplished. 

The area between the end of the useful ground 
wave and the beginning of ionospheric-wave re- 
ception is called the skip zone, and the distance 
from the transmitter to the nearest point where 
the sky wave returns to earth is called 
the skip distance. The extent of the skip 
zone depends upon the frequency and 
the state of the ionosphere, and also 
upon the height of the layer in which 
the refraction takes place. The higher 
layers give longer skip distances for the 
same wave angle. Wave angles at the 
transmitting and receiving points are 
usually, although not always, approxi- 
mately the same for any given wave 
path. 


sphere will be reflected back down to the trans- 
mitting point. If the frequency is then gradu- 
ally increased, eventually a frequency will be 
reached where this vertical reflection just fails 
to occur. This is the critical frequency for 
the layer under consideration. When the operat- 
ing frequency is below the critical value there 
is no skip zone. 

The critical frequency is a useful index to the 
highest frequency that can be used to transmit 
over a specified distance — the maximum usable 
frequency (m.u.f.). If the wave leaving the trans- 
mitting point at angle A in Fig. 15-4 is, for ex- 
ample, at a frequency of 14 Mc., and if a higher 
frequency would skip over the receiving point 
R,, then 14 Me. is the m.u.f. for the distance 
from 7' to Rj. 

The greatest possible distance is covered when 
the wave leaves along the tangent to the earth; 
that is, at zero wave angle. Under average condi- 
tions this distance is about 4000 kilometers or 
2500 miles for the F» layer, and 2000 km. or 
1250 miles for the H layer. The distances vary 
with the layer height. Frequencies above these 
limiting m.u.f.’s will not be returned to earth at 
any distance. The 4000-km. m.u.f. for the Fe» 
layer is approximately 3 times the critical fre- 
quency for that layer, and for the EH layer the 
2000-km. m.u.f. is about 5 times the critical 
frequency. 

Absorption in the ionosphere is least at the 
maximum usable frequency, and increases very 
rapidly as the frequency is lowered below the 
m.u.f. Consequently, best results with low 
power always are secured when the frequency 
is as close to the m.u.f. as possible. 

It is readily possible for the ionospheric wave 
to pass through the # layer and be refracted back 
to earth from the F, F; or Fg» layers. This is 
because the critical frequencies are higher in the 
latter layers, so that a signal too high in frequency 
to be returned by the E layer can still come back 
from one of the others, depending upon the time 
of day and the existing conditions. 


Multihop Transmission 


On returning to the earth the wave can be 
reflected upward and travel again to the iono- 
sphere. There it may once more be refracted, and 


Fig. 15-4—Refraction of sky waves, showing the critical wave angle 
and the skip zone. Waves leaving the transmitter at angles above 
the critical (greater than A) are not bent enough fo be returned to 
earth. As the angle is decreased, the waves return to earth at in- 
creasingly greater distances. 


Critical and Maximum Usable 
Frequencies 


If the frequency is low enough, 
@ wave sent vertically to the iono- 
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again bent back to earth. This process may be 
repeated several times. Multihop propagation of 
this nature is necessary for transmission over 
great distances because of the limited heights of 
the layers and the curvature of the earth, which 
restrict the maximum one-hop distance to the 
values mentioned in the preceding section. How- 
ever, ground losses absorb some of the energy 
from the wave on each reflection (the amount of 
the loss varying with the type of ground and 
being least for reflection from sea water), and 
there is also absorption in the ionosphere at each 
reflection. Hence the smaller the number of hops 
the greater the signal strength at the receiver, 
other things being equal. 


Fading 


Two or more parts of the wave may follow 
slightly different paths in traveling to the re- 
ceiving point, in which case the difference in 
path lengths will cause a phase ‘difference to 
exist between the wave components at the re- 
celving antenna. The total field strength will be 
the sum of the components and may be larger 
or smaller than one component alone, since the 
phases may be such as either to aid or oppose. 
Since the paths change from time to time, this 
causes a variation in signal strength called fad- 
ing. Fading can also result from the combination 
of single-hop and multihop waves, or the combi- 
nation of a ground wave with an ionospheric or 
tropospheric wave. 

Fading may be either rapid or slow, the former 
type usually resulting from rapidly-changing 
conditions in the ionosphere, the latter occur- 
ring when transmission conditions are relatively 
stable. 

It frequently happens that transmission condi- 
tions are different for waves of slightly different 
frequencies, so that in the case of voice-modu- 
lated transmission, involving sidebands differing 
slightly from the carrier in frequency, the carrier 
and various side band components may not be 
propagated in the same relative amplitudes and 
phases they had at the transmitter. This effect, 
known as selective fading, causes severe distor- 
tion of the signal. 


Back Scatter 


Even though the operating frequency is above 
the m.u.f. for a given distance, it is usually pos- 
sible to hear signals from within the skip zone. 
This phenomenon, called back scatter, is caused 
by reflections from distances beyond the skip 
zone. Such reflections can occur when the trans- 
mitted energy strikes the earth at a distance and 
some of it is reflected back into the skip zone to 
the receiver. Such scatter signals are weaker than 
those normally propagated, and also have a rapid 
fade or “flutter”? that makes them easily recog- 
nizable. 

A certain amount of scattering of the wave 
also takes place in the ionosphere because the 
ionized region is not completely uniform. Scatter- 
ing in the normal propagation direction is called 
forward scatter, and is responsible for extending 
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the range of transmission beyond the distance of 
a regular hop, and for making communication 
possible on frequencies greater than the actual 
m.u.f, 


@ OTHER FEATURES OF IONOSPHERIC 
PROPAGATION 


Cyclic Variations in the Ionosphere 


Since ionization depends upon ultraviolet ra- 
diation, conditions in the ionosphere vary with 
changes in the sun’s radiation. In addition to the 
daily variation, seasonal changes result in higher 
critical frequencies in the # layer in summer, av- 
eraging about 4 Me. as against a winter average 
of 3 Me. The F layer critical frequency is of the 
order of 4 to 5 Me. in the evening. The F; layer, 
which has a critical frequency near 5 Me. in sum- 
mer, usually disappears entirely in winter. The 
daytime maximum critical frequencies for the 2 
are highest in winter (10 to 12 Mc.) and lowest in 
summer (around 7 Mc.). The virtual height of the 
F, layer, which is about 185 miles in winter, aver- 
ages 250 miles in summer. These values are rep- 
resentative of latitude 40 deg. North in the 
Western hemisphere, and are subject to con- 
siderable variation in other parts of the world. 

Very marked changes in ionization also occur 
in step with the 1l-year sunspot cycle. Although 
there is no apparent direct correlation between 
sunspot activity and critical frequencies on a 
given day, there is a definite correlation between 
average sunspot activity and critical frequencies. 
The critical frequencies are highest during sun- 
spot maxima and lowest during sunspot minima. 
During the period of minimum sunspot activity 
the lower freauencies — 7 and 3.5 Me. —fre- 
quently are the only usable bands at night. At 
such times the 28-Mce. band is seldom useful for 
long-distance work, while the 14-Mc. band per- 
forms well in the daytime but is not ordinarily 
useful at night. 


Ionosphere Storms 


Certain types of sunspot activity cause con- 
siderable disturbances in the ionosphere (iono- 
sphere storms) and are accompanied by dis- 
turbances in the earth’s magnetic field (magnetic 
storms). Ionosphere storms are characterized by 
a marked increase in absorption, so that radio 
conditions become poor. The critical frequencies 
also drop to relatively low values during a storm, 
so that only the lower frequencies are useful for 
communication. Ionosphere storms may last from 
a few hours to several days. Since the sun rotates 
on its axis once every 28 days, disturbances tend 
to recur at such intervals, if the sunspots respon- 
sible do not become inactive in the meantime. 
Absorption is usually low, and radio conditions 
therefore good, just preceding a storm. 


Sporadic-E Ionization 


Scattered patches or clouds of relatively dense 
ionization occasionally appear at heights approxi- 
mately the same as that of the E layer, for rea- 


Prediction Charts 


sons not yet known. This sporadic-£ ionization 
is most prevalent in the equatorial regions, where 
it is substantially continuous. In northern lati- 
tudes it is most frequent in the spring and early 
summer, but is present in some degree a fair per- 
centage of the time the year ’round. It accounts 
for a good deal of the night-time short distance 
work on the lower frequencies (3.5 and 7 Mc.) 
and, when more intense, for similar work on 14 
to 28 Me. Exceptionally intense sporadic-H ion- 
ization is responsible for work over distances ex- 
ceeding 400 or 500 miles on the 50-Me. band. 

There are indications of a relationship between 
sporadic-H ionization and average sunspot ac- 
tivity, but it does not appear to be directly re- 
lated to daylight and darkness since it may 
occur at any time of the day. However, there is 
an apparent tendency for the ionization to peak 
at mid-morning and in the early evening. 


Tropospheric Propagation 


Changes in temperature and humidity of air 
masses in the lower atmosphere often permit 
work over greater than normal ground-wave 
distances on 28 Me. and higher frequencies. The 
effect can be observed on 28 Mc., but it is gen- 
erally more marked on 50 and 144 Mc. The 
subject is treated in detail later. 


@ PREDICTION CHARTS 


The Central Radio Propagation Laboratory 
of National Bureau of Standards offers predic- 
tion charts three months in advance, by means 
of which it is possible to predict with considerable 
accuracy the maximum usable frequency that 
will hold over any path on the earth during a 
monthly period. The charts can be obtained from 
the Superintendent of Documents, U. 8. Govern- 
ment Printing Office, Washington 25, D. C. for 
10 cents a copy or $1.00 per year. They are called 
“CRPL-D Basic Radio Propagation Predictions.’’ 
The use of the charts is explained in Circular 462, 
““Tonospheric Radio Propagation,’’ available for 
$1.25 from the same address. This publication 
also contains much information of value to those 
who wish to pursue the subject of ionospheric 
propagation in more detail. 


& PROPAGATION IN THE BANDS 
BELOW 30 MC. 

The 1.8-Mc., or ‘160-meter,” band offers re- 
liable working over ranges up to 25 miles or so 
during daylight. On winter nights, ranges up to 
several thousand miles are not impossible. Only 


- small sections of the band are currently available 


to amateurs, because of the presence of the loran 
(navigation ) service in that part of the spectrum. 

The 3.5-Mc., or ‘‘80-meter,’’ band is a more 
useful band during the night than during the 
daylight hours. In the daytime, one can seldom 
hear signals from a distance of greater than 200 
miles or so, but during the darkness hours dis- 
tances up to several thousand miles are not un- 
usual, and transoceanic contacts are regularly 
made during the winter months. During the 
summer, the static level is high. 

The 7-Mc., or “40-meter,” band has many of 
the same characteristics as 3.5, except that the 
distances that can be covered during the day and 
night hours are increased. During daylight, dis- 
tances up to a thousand miles can be covered 
under good conditions, and during the dawn and 
dusk periods in winter it is possible to work sta- 
tions as far as the other side of the world, the 
signals following the darkness path. The winter 
months are somewhat better than the summer 
ones. In general, summer static is much less of a 
problem than on 80 meters, although it can be 
serious in the semitropical zones. 

The 14-Mc., or ‘“‘20-meter,’”’ band is probably 
the best one for long-distance work. During the 
high portion of the sunspot cycle it is open to 
some part of the world during practically all of 
the 24 hours, while during a sunspot minimum it 
is generally useful only during daylight hours and 
the dawn and dusk periods. There is practically 
always a skip zone on this band, 

The 21-Mc., or ‘‘15-meter,”’ band shows highly 
variable characteristics depending on the sunspot 
cycle. During sunspot maxima it is useful for 
long-distance work during a large part of the 24 
hours, but in years of low sunspot activity it is 
almost wholly a daytime band, and sometimes 
unusable even in daytime. However, it is often 
possible to maintain communication over dis- 
tances up to 1500 miles or more by sporadic-H 
ionization which may occur either day or night 
at any time in the sunspot cycle. 

The 28-Me. (“‘10-meter”) band is generally 
considered to be a DX band during the daylight 
hours (except in summer) and good for local work 
during the hours of darkness, for about half the 
sunspot cycle. At the very peak of the sunspot 
cycle, it may be ‘‘open” into the late evening 
hours for DX communication. At the sunspot 
minimum the band is usually ‘‘dead”’ for long- 
distance communication, by means of the Fe 
layer, in the northern latitudes. Nevertheless, 
sporadic-H# propagation is likely to occur at any 
time, just as in the case of the 21-Mc. band. 


Propagation Above 50 Mc. 


The importance to the amateur of having some 
knowledge of wave propagation was stressed at 
the beginning of this chapter. An understanding 
of the means by which his signals reach their 
destination is an even greater aid to the v.h.f. 


worker. Each of his bands shows different char- 
acteristics, and knowledge of their peculiarities 
is as yet far from complete. The observant user 
of the amateur v.h.f. assignments has a good op- 
portunity to contribute to that knowledge, and 
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his enjoyment of his work will be greatly en- 
hanced if he knows when to expect unusual prep” 
agation conditions. 


@ CHARACTERISTICS OF THE V.HF. 
BANDS 


An outstanding feature of our bands from 50 


Me. up is their ability to provide consistent and 
interference-free communication within a lim- 
ited range. All lower frequencies are subject to 
varying conditions that impair their effective- 
ness for work over distances of 100 miles or less 
at least part of the time, and the heavy occu- 
pancy they support results in severe interference 
problems in areas of dense population. The v.h.f. 
bands, being much wider, can handle many times 
the amateur population without crowding, and 
their characteristics for local work are more 
stable. It is thus to the advantage of amateur 
radio as a whole to make use of 50 Me. and 
higher bands for short-range communication 
wherever possible. 

In addition to reliable local coverage, the 
v.h.f. bands also exhibit several forms of long- 
distance propagation at times, and use of 50 and 
144 Me. has been taken up in recent years by 
many isolated amateurs who must depend on 
these propagation peculiarities for all or most of 
their contacts. It is particularly important to 
these operators that they understand common 
propagation phenomena. The material to follow 
supplements information presented earlier in 
this chapter, but deals with wave propagation 
only as it affects the occupants of the world 
above 50 Me. First let us consider the bands 
individually. 

50 to 54 Mc.: This band is borderline territory 
between the DX frequencies and those normally 
employed for local work. Thus just about every 
form of wave propagation found throughout the 
radio spectrum appears, on occasion, in the 50- 
Me. region. This has contributed greatly to the 
popularity of the 50-Mce. band. 

During the peak years of a sunspot cycle it 
is occasionally possible to work 50-Mc. DX of 
world-wide proportions, by reflection of signals 
from the F2 layer. Sporadic-E skip provides con- 
tacts over distances from 400 to 2500 miles or so 
during the early summer months, regardless of 
the solar cycle. Reflection from the aurora regions 
allows 100- to 1000-mile work during pronounced 
ionospheric disturbances. The ever-changing 
weather pattern offers extension of the normal 
coverage to as much as 300 to 500 miles. This 
develops most often during the warmer months, 
but may occur at any season. In the absence of 
any favorable propagation, the average well- 
equipped 50-Mc. station should be able to work 
regularly over a radius of 75 to 100 miles or more, 
depending on local terrain. 

144 to 148 Mc.: lonospheric effects are greatly 
reduced at 144 Me. F>-layer reflection is unlikely, 
and sporadic-# skip is rare. Aurora DX is fairly 
common, but signals are generally weaker than 
on 50 Me. Tropospheric effects are more pro- 
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nounced than on 50 Mc., and distances covered 
during favorable weather conditions are greater 
than on lower bands. Air-mass boundary bending 
has been responsible for communication on 144 
Me. over distances in excess of 2500 miles, and 
500-mile work is fairly common in the warmer 
months. The reliable range under normal condi- 
tions is slightly less than on 50 Mce., with com- 
parable equipment. 

220 Mc. and Higher: lonospheric propagation 
is unlikely at 220 Mc. and up, but tropospheric 
bending is more prevalent than on lower bands, 
Amateur experience on 220 and 420 Me. is show- 
ing that they can be as useful as 144 Mc., when 
comparable equipment is used. Under minimum 
conditions the range may be slightly shorter, but 
when signals are good on 144 Mce., they may be 
better on 220 or 420. Even above 1000 Me. there 
is evidence of tropospheric DX. 


@ PROPAGATION PHENOMENA 


The various known means by which v.h.. 
signals may be propagated over unusual dis- 
tances are discussed below. 

F’2-Layer Reflection: Most contacts made on 28 
Me. and lower frequencies are the result of re- 
flection of the wave by the F2 layer, the ioniza- 
tion density of which varies with solar activity, 
the highest frequencies being reflected at the 
peak of the 1l-year solar cycle. The maximum 
usable frequency (m.u.f.) for Ff, reflection also 
follows other well-defined cycles, daily, monthly, 
and seasonal, all related to conditions on the 
sun and its position with respect to the earth. 

At the low point of the 11-year cycle, such as 
in the early ’50s, the m.u.f. may reach 28 Me. 
only during a short period each spring and fall, 
whereas it may go to 60 Me. or higher at the peak 
of the cycle. The fall of 1946 saw the first au- 
thentic instances of long-distance work on 50 
Me. by F»-layer reflection, and as late as 1950 
contacts were made in the more favorable areas 
of the world by this medium. The rising curve 
of the current solar cycle again made Fz DX 
on 50 Me. possible in the low latitudes in the 
winter of 1955-6. DX was worked over much of 
the earth in the years 1956 through 1959, falling 
off in 1960. Loss of the 50-Mc. band to television 
in some countries will limit the scope of 50-Me. 
DX in years to come. 

The F2 m.u.f. is readily determined by ob- 
servation, and it may be estimated quite accur- 
ately for any path at any time. It is predictable 
for months in advance, enabling the v-.h.f. worker 
to arrange test schedules with distant stations 
at propitious times. As there are numerous com- 
mercial signals, both harmonics and funda- 
mental transmissions, on the air in the range 
between 28 and 50 Mc., it is possible to deter- 
mine the approximate m.u.f. by careful listen- 
ing in this range. Daily observations will show 
if the m.u.f. is rising or falling, and once the peak 
for a given month is determined it can be as- 
sumed that another will occur about 27 days 
later, this cycle coinciding with the turning of 
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Fig. 15-5—tThe principal means by which v.h.f. signals may be returned to earth, showing the approximate distances 
over which they are effective. The F2 layer, highest of the reflecting layers, may provide 50-Mc. DX at the peak of the 
11-year sunspot cycle. Such communication may be world-wide in scope. Sporadic ionization of the E region produces 
the familiar ‘short skip’’ on 28 and 50 Mc. It is most common in early summer and in late December, but may occur at 
any time, regardless of the sunspot cycle. Refraction of v.h.f. waves also takes place at air-mass boundaries, making 
possible communication over distances of several hundred miles on all v.h.f. bands. Normally it exhibits no skip zone. 


the sun on its axis. The working range, via Fe 
skip, is roughly comparable to that on 28 Mc., 
though the minimum distance is somewhat 
longer. Two-way work on 50 Me. by reflection 
from the F2 layer has been accomplished over 
distances from 2200 to 12,000 miles. The maxi- 
mum frequency for F reflection is believed to 
be about 70 Mc. | 

Sporadic-E Skip: Patchy concentrations of 
ionization in the H-layer region are often respon- 
sible for reflection of signals on 28 and 50 Me. 
This is the popular ‘‘short skip” that provides 
fine contacts on both bands in the range between 
400 and 1300 miles. It is most common in May, 
June and July, during morning and early evening 
hours, but it may occur at any time or season. 
Multiple-hop effects may appear, when  ioniza- 
tion develops simultaneously over large areas, 
making possible work over distances of more than 
2500 miles. 

The upper limit of frequency for sporadic-E 
skip is not positively known, but scattered 
instances of 144-Mc. propagation over dis- 
tances in excess of 1000 miles indicate that 
E-layer reflection, possibly aided by tropo- 
spheric effects, may be responsible. 

Aurora Effect: Low-frequency communication 
is occasionally wiped out by absorption in the 
ionosphere, when ionospheric storms, associated 
with variations in the earth’s magnetic field, oc- 
cur. During such disturbances, however, v.h.f. 
signals may be reflected back to earth, making 
communication possible over distances not nor- 
mally workable in the v.h.f. range. Magnetic 
storms may be accompanied by an aurora-borealis 
display, if the disturbance occurs at night and 
visibility is good. Aiming a directional array at 


the auroral curtain will bring in signals strongest, 
regardless of the true direction to the transmit- 
ting station. 

Aurora-reflected signals are characterized by 
a rapid flutter, which lends a “dribbling”’ 
sound to 28-Me. carriers and may render 
modulation on 50- and 144-Mc. signals com- 
pletely unreadable. The only satisfactory 
means of communication then becomes straight 
c.w. The effect may be noticeable on signals 
from any distance other than purely local, 
and stations up to about 1000 miles in any 
direction may be worked at the peak of the 
disturbance. Unlike the two methods of prop- 
agation previously described, aurora effect 
exhibits no skip zone. It is observed fre- 
quently on 50 and 144 Me. in northeastern 
U. S. A., usually in the early evening hours or 
after midnight. The highest frequency for auroral 
reflection is not yet known, but pronounced dis- 
turbances have permitted work by this medium 
in the 220-Me. band. 

Tropospheric Bending: The most common 
form of v.h.f. DX is the extension of the normal 
operating range associated with easily observed 
weather phenomena. It is the result of the change 
in refractive index of the atmosphere at the 
boundary between air masses of differing tem- 
perature and humidity characteristics. Such air- 
mass boundaries usually lie along the western 
or southern edges of a stable slow-moving area 
of high barometric pressure (fair, calm weather) 
in the period prior to the arrival of a storm. 

A typical upper-air sounding showing tem- 
perature and water-vapor gradients favorable 
to v.h.f. DX is shown in Fig. 15-6. An increase 
in temperature and a sharp drop in water-vapor 
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gradient are seen at about 4000 feet, in com- 
parison to the U. S. Standard Atmosphere curves 
at the left. 

Such a favorable condition develops most often 
in the late summer or early fall, along the junc- 
tion between air masses that may have come 
together from such widely separated points as 
the Gulf of Mexico and Northern Canada. Under 
stable weather conditions the two air masses 
may retain their original character for several 
days at a time, usually moving slowly eastward 
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wave range, and there is good evidence to indicate 
that our assignments in the u.h.f. and s.h.f. por- 
tions of the frequency spectrum may someday 
support communication over distances far in 
excess of the optical range. 

Scatter: Forward scatter, both ionospheric and 
tropospheric, may be used for marginal com- 
munication in the v.h.f. bands. Both provide 
very weak but consistent signals over distances 
that were once thought impossible on frequencies 
higher than about 30 Mc. 
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Fig. 15-6—Upper-air conditions that produce extended-range communication on the v.h.f. bands. At the left is shown 

the U. S. Standard Atmosphere temperature curve. The humidity curve (dotted) is that which would result if the relative 

humidity were 70 per cent from the ground level to 12,000 feet elevation. There is only slight refraction under this 

standard condition. At the right is shown a sounding that is typical of marked refraction of v.h.f. waves. Figures in paren- 

theses are the ‘mixing ratio’ —grams of water vapor per kilogram of dry air. Note the sharp break in both curves at 
about 4000 feet. (From Collier, ''Upper-Air Conditions for 2-Meter DX,”” QST, September, 1955.) 


across the country. When the path between two 
v.h.f. stations separated by fifty to several hun- 
dred miles lies along such a boundary, signal 
levels run far above the average value. 

Many factors other than air-mass movement 
of a continental character provide increased 
v.h.f. operating range. The convection along 
coastal areas in warm weather is a good example. 
The rapid cooling of the earth after a hot day in 
summer, with the air aloft cooling more slowly, is 
another, producing a rise in signal strength in 
the period around sundown. The early morning 
hours, when the sun heats the air aloft, before 
the temperature of the earth’s surface begins 
to rise, may be the best of the day for extended 
v.h.f. range, particularly in clear, calm weather, 
when the barometer is high and the humidity low. 

The v.h.f. enthusiast soon learns to correlate 
various weather manifestations with radio- 
propagation phenomena. By watching tempera- 
ture, barometric pressure, changing cloud forma- 
tions, wind direction, visibility, and other easily- 
observed weather signs, he can tell with a 
reasonable degree of accuracy what is in prospect 
on the v.h.f. bands. 

The responsiveness of radio waves to vary- 
ing weather conditions increases with fre- 
quency. The 50-Mc. band is more sensitive to 
weather variations than is the 28-Mc. band, and 
the 144-Mc. band may show strong signals from 
far beyond visual distances when lower frequen- 
cies are relatively inactive. It is probable that 
this tendency continues on up through the micro- 
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Tropospheric scatter is prevalent all through 
the v.h.f. and microwave regions, and is usable 
over distances up to about 400 miles. Iono- 
spheric scatter, augmented by meteor bursts, 
brings in signals over 600 to 1300 miles, on fre- 
quencies up to about 100 Mc. Either form of 
scatter requires high power, large antennas and 
c.w. technique to provide effective communica- 
tion. 

Back scatter, of the type heard on lower bands, 
is also heard occasionally on 50 Mc., when F¢ or 
sporadic-E skip is present. 

Reflections from Meteor Trails: Probably the 
least-known means of v.h.f. wave propagation is 
that resulting from the passage of meteors across 
the signal path. Reflections from the ionized me- 
teor trails may be noted as a Doppler-effect whis- 
tle on the carrier of a signal already being re- 
ceived, or they may cause bursts of reception 
from stations not normally receivable. Ordinarily 
such reflections are of little value in communica- 
tion, since the increases in signal strength are of 
short duration, but meteor showers of consider- 
able magnitude and duration may provide flut- 
tery signals from distances up to 1500 miles or 
more on both 50 and 144 Mc. 

As meteor-burst signals are relatively weak, 
their detection is greatly aided if high power and 
high-gain antennas are used. Two-way commu- 
nication of sorts has been carried on by this 
medium on 50 and 144 Me. over distances of 600 
to 1300 miles, through the use of short c.w. trans- 
missions and frequent repetition. 


CHAPTER 16 


V.H.F. Receivers 


Good receiving facilities are all-important in 
v.h.f. work. High sensitivity, adequate stability 
and good signal-to-noise ratio, necessary attri- 
butes in a receiving system for 50 Me. and 
higher frequencies, are most readily attained 
through the use of a converter working into a 
communications receiver designed for lower fre- 
quencies. Though receivers and converters for 
the v.h.f. bands are available on the amateur 
market, the amateur worker can build his own 
with fully as good results, usually at a con- 
siderable saving in cost. 

Basically, modern v.h.f. receiving equipment 
is little different from that employed on lower 
frequencies. The same order of selectivity may 
be used on all amateur frequencies up to at least 
450 Me. The greatest practical selectivity should 
be employed in v.h.f. reception, as it not only 
allows more stations to operate in a given band, 
but is an important factor in improving the 
signal-to-noise ratio. The effective sensitivity of 
a receiver having ‘“‘communication”’ selectivity 
can be made much better than is possible with 
broadband systems. 

This rules out converted radar-type receivers 
and others using high intermediate frequencies. 
The superregenerative receiver, a simple but 
broadband device that was popular in the early 
days of v.h.f. work, is now used principally for 
portable operation, or for other applications 
where high sensitivity and selectivity are not of 
prime importance. It is capable of surprising 
performance, for a given number of tubes and 
-components, but its lack of selectivity, its poor 
signal-to-noise ratio, and its tendency to radiate 
a strong interfering signal have eliminated the 
superregenerator as a fixed-station receiver in 
areas where there is appreciable v.h.f. activity. 


@ Rk. F. AMPLIFIER DESIGN 


The noise generated within the receiver itself 
is an important factor in the effectiveness of 
v.h.f. receiving gear. At lower frequencies, and 
to a considerable extent on 50 Mce., external 
noise is a limiting factor. At 144 Me. and higher 
the receiver noise figure, gain and selectivity 
determine the ability of the system to respond 
to weak signals. Proper selection of r.f. amplifier 
tubes and appropriate circuit design aimed at 
low noise figure are more important in the v.h-f. 
receiver ‘‘front end”’ than mere gain. 


Triode or Pentode? 


Certain triode tubes have been developed 
with this end in view. Their superiority over 
pentode types is more pronounced as we go 


higher in frequency. Because of the limitation on 
sensitivity imposed by external noise at that 
frequency, triode or pentode r.f. amplifiers give 
about the same results at 50 Mc. Thus the pen- 
tode types, which offer the advantages of better 
selectivity and simpler circuitry, are often used 
for 50-Mc. work. But at 144 Mce., the newer 
triodes designed for r.f. amplifier service give 
fully as much gain as the pentodes, and with 
lower internal noise. With the exception of the 
simplest unit, the equipment described in the 
following pages incorporates low-noise r.f. ampli- 
fier techniques. 


Neutralizing Methods 


When triodes are used as r.f. amplifiers some 
form of neutralization of the grid-plate capac- 
itance is required. This can be capacitive, as is 
commonly used in transmitting applications, 
or inductive. The alternative to neutralization 
is the use of grounded-grid technique. Circuits 
for v.h.f. triode r.f. amplifier stages are given in 
Figs. 16-1 through 16-4. 

A dual triode operated as a neutralized 
push-pull amplifier is shown at 16-1. This ar- 


Fig. 16-1 —Schematic diagram of a push-pull r.f. amplifier 
for v.h.f. applications. This circuit is well-suited to use with 
antenna systems having balanced lines. Coil and capacitor 
values not given depend on the frequency at which the 
amplifier is to be used. Neutralizing capacitance, CN, may 
be built up by twisting ends of insulated leads together. 


rangement is well adapted to v.h.f. preampli- 
fier applications, or as the first stage in a 
converter, particularly when a balanced trans- 
mission line such as the popular 300-ohm 
Twin-Lead is used. It is relatively selective 
and may require resistive loading of the plate 
circuit, when used as a preamplifier. The load- 
ing effect of the following circuit may be suffi- 
cient to give the required band width, when the 
push-pull stage is inductively coupled to the 
mixer. 

A triode amplifier having excellent noise figure 
and broadband characteristics is shown in Fig. 
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Fig. 16-2—Circuit of the cascode r.f. amplifier. Coupling 
capacitor, Ci, may be omitted if spurious receiver re- 
sponses are not a problem. Neutralizing winding, LN 
should resonate at the signal frequency with the grid- 
plate capacitance of the first tube. Base connections are 
for 417A and 6AJ4, but other small triodes may be used. 


16-2. Commonly called the cascode, it uses a 
triode or triode-connected pentode followed by 
a triode grounded-grid stage. This circuit is 
extremely stable and uncritical in adjustment. 
At 50 Me. and higher its over-all gain is at least 
equal to the best single-stage pentode amplifier 
and its noise figure is far lower. 

Neutralization is accomplished by the coil 
Ly, whose value is such that it resonates at the 
signal frequency with the grid-plate capacitance 
of the tube. Its inductance is not. critical; it 
may be omitted from the circuit without the stage 
going into oscillation, but neutralization results 
in a lower noise figure than is possible without it. 
Any of several v.h.f. tubes may be used in the 
cascode circuit. The example shown in Fig. 16-2 
uses the 417A, followed by a 6AJ4. Two 6AJ4s 
would work almost equally well, as would the 
6AM4, 6AN4 and 6BC4. Pin connections in Fig. 
16-2 should be changed to suit the tubes selected. 

A simplified version of the cascode, using a 
dual triode tube designed especially for this 
application, is shown in Fig. 16-3. By reducing 
stray capacitance, through direct coupling be- 
tween the two triode sections, this circuit makes 
for improved performance at. the - frequencies 
above 100 Mc. The two sections of the tube are 
in series, as far as plate voltage is concerned, so 


MIXER 


Fig. 16-3—Simplified cascode circuit for use with dual 

triodes having separate cathodes. Coil and capacitance 

values not given depend on frequency. Bifilar r.f. chokes 
are occasionally used in heater leads. 


398 


16-V.HF. RECEIVERS 


it requires higher voltage than the other circuits 
shown. 

The neutralization process for the cascode 
and neutralized-triode amplifiers is somewhat 
similar. With the circuit operating normally the 
neutralizing adjustments (capacitance of Cy in 
Fig. 16-1; inductance of Zn in Figs. 16-2 and 
16-3) can be set for best signal-to-noise ratio. 
The best results are obtained using a noise 
generator, adjusting for lowest noise figure, but 
careful adjustment on a weak signal provides a. 
fair approximation. Noise generators and their 
use in v.h.f. receiver adjustment are treated in 
July, 1953, QS7, p. 10, and in this Handbook, 
Chapter 21. 

Grounded-grid r.f. amplifier technique is il- 
lustrated in Figs. 16-4 and 16-14. Here the input 


- 1s in the cathode lead, with the grid of the tube 


grounded, to act as a shield between cathode and 
plate. The grounded-grid circuit is stable and 
easily adjusted, and is well adapted to broadband 
applications. The gain per stage is low, so that 
two or more stages may be required. 

Tubes well-suited to grounded-grid amplifier 
service include the 6J4, 6AN4, 6AJ4, 6AM4, 
6BC4, 417A and 416B. Disk-seal tubes such as 
the ‘‘lighthouse” and ‘“‘pencil tube” types are 
often used as r.f. amplifiers above 500 Me., and 
the new ceramic tubes show great possibilities 
for r.f. amplifier service in the u.h.f. range. 

Great care should be used in adjusting the r.f. 
portion of a v.h.f. receiver, whatever circuit is 
used. If it is working properly it will control the 
noise figure of the entire system. 


Reducing Spurious Responses 


In areas where there is a high level of v.h.f. 
activity or extensive use of other frequencies in 
the v.h.f. range, the ability of the receiver to 
operate properly in the presence of strong signals 
may be an important consideration. Special tube 
types, otherwise similar to older numbers, have 
been developed for low overload and _cross- 
modulation susceptibility. The 6BC8, which may 
be used as a replacement for the 6BQ7A or 6BZ7, 
is one of these. 

Modification of the converter design can also 
improve performance in these respects. In gen- 
eral, the gain ahead of the mixer stage should be 
made no more than is necessary to achieve good 
noise figure characteristics. The plate voltage on 
the r.f. amplifier should be kept as high as prac- 
tical, to prevent easy overloading. 

Rejection of signals outside the desired fre- 
quency range can be improved by the use of 
high-Q tuned circuits ahead of the first r.f. ampli- 
fier stage. Television transmitters are particu- 
larly troublesome in this respect, and one or more 
coaxial-type circuits inserted in the lead from the 
antenna to the converter may be necessary to 
keep such signals from interfering with normal 
reception. 

A common cause of unwanted signals appear- 
ing in the tuning range is the presence of oscillator 
harmonics in the energy being fed to the mixer of 
a crystal-controlled converter. This may be pre- 


Mixer Circuits 
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voltage. When a good r.f. amplifier 
is used the mixer plate current may 
be run higher, for better operation 
with strong signals. 

Occasionally oscillation near the 
signal frequency may be encountered 
in v.h.f. mixers. This usually results 
from stray lead inductance in the 
mixer plate circuit, and is most com- 
mon with triode mixers. It may be 
corrected by connecting a small ca- 
pacitance from plate to cathode, di- 
rectly at the tube socket. Ten to 25 
put. will be sufficient, depending on 
the signal frequency. 


Fig. 16-4—Grounded-grid amplifier. Position of tap on plate coil should 
be adjusted for lowest noise figure. Low gain with this circuit makes two 


stages necessary for most applications. R.f. choke and coil values depend 


on frequency. 


vented by using a high oscillator frequency, to 
keep down the number of multiplications, and by 
shielding the oscillator and multiplier stages from 
the rest of the converter. 

Signals at the intermediate frequency may ride 
through a converter. This can be prevented by 
keeping down capacitive interstage coupling in 
the r.f. circuitry, and by shielding the converter 
and the receiver antenna terminals. The problem 
of receiver responses is dealt with in QS7' for 
April, 1955, p. 56, and February, 1958, p. 27. 


@ MIXER CIRCUITS 


The mixer in a v.h.f. converter may be either 
a pentode or a triode tube. Pentodes give gen- 
erally higher output, and may require less injec- 
tion. When used without a preceding r.f. amplifier 
stage, the triode mixer may provide a better 
noise figure. With either tube, the grid circuit is 
tuned to the signal frequency, and the plate 
circuit to the intermediate frequency. 

A simple triode mixer is shown in Fig. 
16-5A, with a pentode mixer at B. A dual-triode 
version (push-push mixer) is shown at C. The 
push-push mixer is well adapted to use at 420 
Me., and may, of course, be used at any lower 
frequency. Dual tubes may be used as both mixer 
and oscillator, combining the circuits of Figs. 
16-5 and 16-6. A 6U8 could use its pentode as a 
mixer (16-5B) and the oscillator portion (16-6A) 
would be a triode. Dual-triode tubes (6J6, 12AT7 
and many others) would combine 16-5A and 
16-6A. In dual triodes having separate cathodes 
some external coupling may be required, but the 
common cathode of the 6J6 will provide sufficient 
injection in most cases. If the injection is more 
than necessary it can be reduced by dropping the 
oscillator plate voltage, either directly or by 
increasing the value of the dropping resistor. 

A pentode mixer is less subject to oscillator 
pulling than a triode, and it will probably require 
less injection voltage. In a pentode mixer with no 
r.f. amplifier, plate current should be held to the 
lowest usable value, to reduce tube noise. This 
may be controlled by varying the mixer screen 


@ OSCILLATOR STABILITY 


When a high-selectivity i.f. system 
is employed in v.h.f. reception, the stability of the 
oscillator is extremely important. Slight varia- 
tions in oscillator frequency that would not be 
noticed when a broadband i.f. amplifier is used 
become intolerable when the passband is re- 
duced to crystal-filter proportions. — 

One satisfactory solution to this problem is 
the use of a crystal-controlled oscillator, with 
frequency multipliers if needed, to supply the 
injection voltage. Such a converter usually 
employs one or more broadband r.f. amplifier 
stages, and tuning is done by tuning the receiver 
with which the converter is used to cover the de- 
sired intermediate frequency range. 


1,.F OUTPUT 


* : 1000 
INJECTION 3 


INJECTION 1000 


Fig. 16-5—Typical v.h.f. mixer circuits for triode (A), 

pentode (B) and push-push triode (C). Circuits A and B 

may be used with one portion of various dual-purpose 

tubes. Plate current of pentode (B) should be held at 
lowest usable value if no r.f. stage is used. 
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Fig. 16-6—Recommended oscil- 


lator circuits for tunable v.h.f. 50 


converters. Dual-triode-version (B) 
is recommended for 220 or 420 000 
Mc. R.f. choke coil and capacitor 
values not given depend on 


+100V. 
frequency. 


(A) 


When a tunable oscillator and a fixed inter- 
mediate frequency are used, special attention 
must be paid to the oscillator design, to be sure 
that it is mechanically and electrically stable. 
The tuning capacitor should be solidly built, 
preferably of the double-bearing type. Split- 
stator capacitors specifically designed for v.h-f. 
service, usually having ball-bearing end plates 
and special construction to insure short leads, 
are well worth their extra cost. Leads should 
be made with stiff wire, to reduce vibration 
effects. Mechanical stability of air-wound coils 
can be improved by tying the turns together 
with narrow strips of household cement at several 
points. 

Recommended oscillator circuits for v.h.f. 
work are shown in Fig. 16-6. The single-ended 
oscillator may be used for 50 or 144 Me. with 
good results. The push-pull version is recom- 
mended for higher frequencies and may also be 
used on the two lower bands, as well. Circuit 
A works well with almost any small triode, or 
one half of a 6J6 or 12AT7. The 6J6 is well 
suited to push-pull applications, as shown in 
circuit 16-6B. 


@ THELF. AMPLIFIER 


Superheterodyne receivers for 50 Mc. and 
up should have fairly high intermediate fre- 
quencies, to reduce both oscillator pulling and 
image response. Approximately 10 per cent of 
the signal frequency is commonly used, with 
10.7 Me. being set up as the standard i.f. for 
commercially-built f.m. receivers. This particular 
frequency has a disadvantage for 50-Me. work, 
in that it makes the receiver subject to image 
response from 28-Me. signals, if the oscillator is 
on the low side of the signal frequency. A spot 
around 7 Me. is favored for amateur converter 
service, as practically all communications re- 
celvers are capable of tuning this range. 

For selectivity with a reasonable number of 
i.f. stages, double conversion is usually em- 
ployed in complete receivers for the v.h.f. range. 
A 7-Mce. intermediate frequency, for instance, 
is changed to 455 ke., by the addition of a second 
mixer-oscillator. This procedure is, of course, 
inherent in the use of a v.h.f. converter ahead of a 
communications receiver. 

If the receiver so used is lacking in sensitivity, 
the over-all gain of the converter-receiver com- 
bination may be inadequate. This can be cor- 
rected by building an i.f. amplifier stage into 
the converter itself. Such a stage is useful even 
when the gain of the system is adequate without 
it, as the gain control can be used to permit 
operation of the conyerter with receivers of 
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widely different performance. If the receiver has 
an S-meter, its adjustment may be left in the 
position used for lower frequencies, and the 


converter gain set so as to make the meter read 


normally on v.h.f. signals. 

Where reception of wide-band f.m. or unstable 
signals of modulated oscillators is desired, a con- 
verter may be used ahead of an f.m. broadcast 
receiver. A superregenerative detector operating 
at the intermediate frequency, with or without 
additional i.f. amplifier stages, also may serve as 
an i.f. and detector system for reception of wide- 
band signals. By using a high i.f. (10 to 30 Me. or 
so) and by resistive loading of the i.f. transform- 
ers, almost any desired degree of bandwidth 
can be secured, providing good voice quality on 
all but the most unstable signals. Any of these 
methods may be used for reception in the micro- 
wave region, where stabilized transmission is ex- 
tremely difficult at the current state of the art. 


& THE SUPERREGENERATIVE 
RECEIVER 


The simplest type of v.h.f. receiver is the 
superregenerator. It affords fair sensitivity with 
few tubes and elementary circuits, but its weak- 
nesses, listed earlier, have relegated it to applica- 
tions where small size and low power consumption 
are important considerations. 

Its sensitivity results from the use of an alter- 
nating quenching voltage, usually in the range 
between 20 and 200 ke., to interrupt the normal 
oscillation of a regenerative detector. The re- 
generation can thus be increased far beyond the 
amount usable in a straight regenerative circuit. 


Fig. 16-7—Superregenerative detector circuit for self- 

quenched detector. Pentode tube may be used, varying 

screen voltage by means of the potentiometer to control 
regeneration. 


The detector itself can be made to furnish the 
quenching voltage, or a separate oscillator tube. 
can be used. Regeneration is usually controlled 
by varying the plate voltage in triode detectors, 
or the screen voltage in the case of pentodes. A 
typical circuit is shown in Fig. 16-7. 


Crystal-Controlled Converters 


Crystal-Controlled Converters for 50, 
144 and 220 Mc. 


The three converters and their power supply, 
shown below, were designed to meet the special 
requirements of each of the v.h.f. bands, insofar 
as possible. They offer high stability and reason- 
ably low noise figure, and special attention was 
paid to the reduction of spurious responses, par- 
ticularly in the converters for 50 and 220 Mc. 
Each unit plugs into the power supply, which 
also includes the i.f. output circuitry. Anyone 
interested in one or two of the bands can thus 
build for his own purposes and omit the other 
band or bands. The i.f. tuning range is 7 to 11 
Me. for 50- and 144-Me. coverage, and 7-12 Me. 
for the 220-Me. band. 


@ THE S0-MC. CONVERTER 


A pentode r.f. amplifier stage is used in the 
50-Me. converter, Figs. 16-9 and 16-10. With 
proper design and adjustment such a stage will 
have a noise figure sufficiently low that it will 
respond to the weakest signals that can be heard 
-with other and more complex stages. The tube 
shown is a 6CB6, but other pentodes such as the 
6AK5 may be substituted. 

A gain control is included in the cathode cir- 
cuit. Normally this is run all-out, for optimum 
noise figure and gain, but in the presence of 
strong local signals it can be cut in to reduce 
overloading. This causes some impairment of the 
noise figure, but may still make possible recep- 
tion of distant signals through the locals. 

Note the double-tuned coupling circuits in the 
r.f. input and between the r.f. amplifier and the 
mixer. The capacitors C; and C2 are kept as small 
as possible, and the coils are not coupled together 
otherwise. A value of 1 to 2 uyuf. gives sufficient 
coupling at the desired frequency, but the sys- 
tem responds only very slightly to lower fre- 
quencies. This helps to prevent interference 
from signals on the intermediate frequency. 

The mixer is also a 6CB6. Its operating condi- 
tions are set up for resistance to overloading and 
cross-modulation from strong signals, rather than 
for optimum noise figure, as the latter is taken 
care of by the r.f. amplifier. Note that the plate 
circuit of the mixer is omitted from the con- 
verters. It is built into the power unit, and thus 
only one coil need be made for all the converters. 

The oscillator is a 6AF4 triode. Any other 
small triode could be substituted. Input is held 
to a low level (note 47,000-ohm resistor in series 
with L7) in the interest of stability. The oscillator 
circuitry is isolated from the rest of the con- 
verter, so that injection can be controlled readily. 
Energy from the oscillator is carried to the mixer 
grid circuit through a shielded link. 


Mechanical Features 


Each converter is built on a flat plate, which 
screws onto a standard aluminum chassis. Con- 


nection to the power unit is made through a 
4-pin plug mounted on the side of the case. This 
carries the heater voltage, the plate voltage, the 
mixer plate lead and the common chassis con- 
nection. The plug on the converter is the male 
type. It may be fastened to the chassis con- 
veniently by soldering 4-40 nuts to the back of 
the flanges used for mounting the plug. Flat-head 
machine screws in countersunk holes, in both the 
converter and the power supply unit allow the 
two to fit snugly together. This is important in 
preventing pickup of signals in the i.f. range. 

In the bottom view, Fig. 16-9, the antenna 
connector is seen at the lower right. Just to the 
left, separated by a small shield, are the two r.f. 
coils, Z; and Lz. The coupling capacitor, C;, made 
of two wires twisted together, is on the low side 
of the shield, its lead to LZ». running through a 
hole in the shield. 

The lead from Lz to the amplifier grid pin runs 
through the main lengthwise shield. This lead 
was made of shielded wire, with the shielding 
removed from the part of the lead that is in the 
coil compartment. The portion of the wire in the 
tube compartment must be shielded to prevent 
feedback between the plate coil, L3, and the grid 
circuit. The coupling capacitor, Co, the gain 
control, the plate coil and all other amplifier 
components are in this section, upper right. 

Mixer components are at the upper left, with 
the oscillator section below. The coupling link 
between Ls and Le is made of shielded wire, 
running through the main shield partition. 

The leads from the mixer to the plug, Jo, and 
all power leads, are made with shielded wire. The 
common connection for ground and heater lead is 
the shielding over the other three wires. These 
leads should be long enough so that the converter 
can be lifted from the box without removing the 
plug. A length of vinyl sleeving slipped over the 
leads will help to prevent shorts. Transparent 
sleeving was used, so it does not show in the 


Fig. 16-8—Converters for the three v.h.f. bands, with 

their power supply and i.f. output unit. The 220-Mc. 

converter is shown plugged into the power unit. At the 

left is the 50-Mc. converter. The one for 144 Mc. is at 
} the right. 


Fig. 16-9—Bottom view of the 50-Mc. converter. R.f. 

input circuit is at the lower right, with the amplifier itself 

above. Crystal oscillator components at lower left; mixer 
and output cable above. 


photographs. 

The main shield is 6 by 11546 inches in size, 
with a 14-inch lip folded over for mounting to the 
plate. The two shields perpendicular to it are 1% 
by 11546 inches, with lips folded over on the bot- 
tom and one end. The isolation shield between the 
r.f. coils is 134 by 115476 inches, and is mounted 
34 inch in from the lower edge of the cross shield. 

The placing of the parts otherwise is not par- 
ticularly critical, except that bypass capacitors 
should be connected with the shortest possible 
leads. Use of the smallest size disk ceramic type 
is recommended. 


Adjustment 


Tuning up the converter is a simple matter. 
Check the wiring to be sure that no errors have 
been made. Apply a.c. and see if all heaters come 
on. Then apply plate voltage by closing S2 on the 
power supply unit. If the converter output is 
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connected to a communications receiver tuned to 
the 7-Me. range there should be a considerable 
increase in noise as plate voltage is applied, even 
with circuits out of tune. 

First check the oscillator. This can be done by 
listening in the 43-Me. range, if a receiver is 
available for that frequency, or a grid-dip meter 
may be used as a wavemeter. Output should 
appear on 43 Me., and on that frequency only. 
Adjust L7 for maximum output indication, with 
the grid-dip coil coupled to L7. Check around 
14.3 and 28.6 Me. to be sure that no output is in 
evidence on these frequencies. Should there be 
energy on these frequencies it means that the 
crystal is oscillating on its fundamental fre- 
quency and showing output on its various har- 
monics. Oscillation on the fundamental indicates 
that the plate circuit is not properly tuned. 

If the converter is wired correctly it should 
now be possible to receive strong signals, even 
before the circuits have been resonated. A cali- 
brated signal generator is helpful, but it is by no 
means necessary. A test signal should be fed into 
the antenna connector and the core screws in all 
coils adjusted for maximum signal strength. 

The response of the converter will not be flat 
across the entire 4000 ke. of the 50-Me. band, but 
it will work over a wider frequency range than 
most directive antenna systems. The setting of 
the cores in L3 and Ly, can be varied to give uni- 
form response across the desired pass band. The 
input circuit should be adjusted for best signal- 
to-noise ratio at the middle of the desired fre- 
quency range. 

The value of the small coupling capacitors, Cy 
and (>, will have some effect on the bandwidth 
of the r.f. portion of the converter. Few directive 
antennas will work over more than about 1500 
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Fig. 16-10—Schematic diagram of the 50-Mc. converter. Capacitors are ceramic; values .001 and up are in pf. Resistors 
Ya-watt unless specified. 


Ci, Co—Approx. 1 to 2 uuf. Make from two pieces of 
plastic-covered No. 18 wire twisted together 
about 1 inch. 

C3—10-pyf. ceramic. Connect at plate terminal. 


i, Ls, Le—11 turns No. 24 enam. at top end of Y-inch 


iron-slug form (North Hills Type F-1000). Li 
tapped at.3 turns. 


402 


L2—Same as L3, but 9 turns. 

L5—2 turns insulated hookup wire at low end of L4. 

Le—Same as Ls, but at low end of Lz. 

L7—Same as L3, but 16 turns. 

Ji—Coaxial connector, female. 

J2—4-pin power connector, male. Must mount flush with 
chassis surface. 


TO 


~HEATER 


144-Mc. Converter 


ke. of the band, so there is seldom much point in 
making the front end of the converter broader 
than this. If optimum performance is needed at 
the opposite end of the band it is merely neces- 
sary to repeak the core studs for. best results at 
the desired frequency. Adjustment of the i.f. coil 
in the power unit also affects the bandwidth. It 
can be peaked somewhat above the middle of the 
tuning range if it is desired to extend the coverage 
of the converter-antenna combination. 

When the converter is tuned for best results it 
may be desirable to check the oscillator injection. 
This is best done with the aid of a noise generator, 
though a signal generator or weak signals may 
be used if care is taken to observe optimum signal- 
to-noise ratio, rather than mere gain. The value 
of the dropping resistor in series with L7 can be 
varied, the idea being to use the highest value 
that will not affect the signal-to-noise ratio 
adversely. 

A simple check on performance that can be 
made in a location free of manmade noise is as 
follows: Connect a 50-ohm resistor in place of the 
antenna coax. Observe the noise level, either by 
ear or as indicated on an output meter or the 
receiver S-meter. Now put the antenna back on. 
If the r.f. stage is free of regeneration, a rise in 
noise level when the antenna is connected shows 
that external noise can be heard. This noise is the 
limiting factor in weak-signal reception, and 
further reduction in receiver noise figure will 
serve no useful purpose. 


@ THE 144-MC. CONVERTER 


In the converter for 144 Mc., Figs. 16-11 and 
16-12, triode r.f. amplifiers are used, as they give 
better noise figure than pentodes at this frequency 
and higher. The tubes shown are 6BC4s, but 
comparable results can be achieved with the 
6AJ4, 6AM4 or 6AN4, with the necessary revi- 
sion of the pin connections. Noise figure obtain- 
able with any of these tubes is about 5 db., which 
is about the level at which external noise begins 
to limit receiver sensitivity. A noise figure of 
3 db. or lower can be had with 417As, or even one 
417A and one less expensive tube, but there may 
be no observable difference in weak-signal 
performance. 

The cascode circuit (see beginning of chapter) 
is used, with the circuit of Fig. 16-2 in preference 
to that of 16-3. The latter, operating at lower 
plate voltage per stage, may be slightly more 
susceptible to overloading. The 6CB6 mixer is 
also operated under conditions designed to keep 
down overloading and cross-modulation troubles. 

The crystal oscillator is operated at the highest 
frequency that is possible with simple circuitry. 
This holds down the number of unwanted fre- 
quencies appearing in the multiplier output, 
which could beat in signals from outside the in- 
tended frequency range. The crystal oscillates on 
45.667 Mc., using the triode portion of a 6U8. 
The pentode portion is a tripler to 137 Me. 

The oscillator-tripler portion is isolated from 
the rest of the converter by a copper shield run- 
ning down the middle of the 5 by 5-inch plate. 


The grid circuit of the first r.f. amplifier stage is 
adjacent to the tripler, but is as far away from it 
as possible, and the coils are positioned for mini- 
mum coupling. The lower section of the con- 
verter, as shown in Fig. 16-11, is the portion in 
question, the antenna connection and grid coil 
being at the lower right. 

Above the shield may be seen the first rf. 
stage, right, the second stage, with a shield down 
through the middle of its socket, center, and the 
mixer at the far left. To provide effective isola- 
tion and bypassing, feed-through capacitors are 
mounted in the copper shield to carry power 
leads from one compartment to the other. Three 
are used for the B-plus line and two for the 
heater leads. 

R.f. circuits and the tripler plate circuit are 
tuned by means of small TV-type trimmers. Four 
of these are shown in the photograph, but the 
one that is connected to the first r.f. plate coil, 
[L3, may be omitted, as the circuit tunes very 
broadly. The r.f. plate coil, Ls, and the mixer 
grid coil, Ls, are 34 inch apart, center to center. 
Coupling between the two stages is mainly 
through the twisted-wire capacitor, Cio. The rf. 
input coil, Zi, is connected to the grid pin of the 
V1 by a lead that runs through a 44-inch hole in 
the shield. 

Both shields are made of flashing copper. The 
larger is 534 by 134 inches, with folded-over 
edges for mounting, and for rigidity. The smaller 
is 114 by 134 inches. It is held in place by solder- 
ing to lugs under the mounting screws of the 
6BC4 socket. This shield turned out to be re- 
quired to prevent oscillation in the grounded-grid 
stage. It crosses the middle of the tube socket. 

Connections for the power are made in the 
same manner as for the 50-Mc. converter, and 
leads should be long enough to permit removal 
of the converter from the box without unsolder- 
ing any leads. The shields are bonded together 
and anchored to a lug bolted to the main shield, 
near the left end. 

Note that wafer-type sockets are used. This is 


Fig. 16-11—Bottom view of the 144-Mc. converter. 

Crystal oscillator and tripler occupy lower left side of 

the assembly. Antenna input circuit is at the right. Above 

the partition, right to left, are the cathode trimmer, the 

first r.f. amplifier socket, the r.f. plate coil, the second 

amplifier socket, with shield across its center, the plate 
coil, mixer grid coil and mixer tube socket. 
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Fig. 16-12—Wiring diagram and parts information for the 144-Mc. converter. Parts specified as in Fig. 16-10. 


C1, Co, Cs—8-upf. plastic trimmer (Erie No. 532-10). 

C4—3-30-upf. mica trimmer. Set at tight position initially. 

Cs, Ce, Cz, Cs, Co—500-uuf. feed-through bypass 
(Centralab MFT-500). 

Cio—1—-6-ppf. See text. 

L1— 4 turns No. 18 tinned, '4-inch inside diam., 2 inch 
long, tapped at 1'/ turns. 

Lo—14 turns No. 24 enam., “6-inch diam., 2 inch long. 

Ls—5 turns No. 18 tinned, %-inch diam., V% inch long. 

La—5'/ turns like Ls. 


more than an economy measure; shorter ground 
leads are possible with this type of socket. Where 
socket terminals are to be grounded, they are 
bent down flush with the bottom of the plate. 
Then a hole is drilled adjacent to the lug and it 
can then be secured to the plate under a washer 
and nut. This method of grounding is superior, 
at these frequencies, to the more commonly used 
lead-and-lug arrangement. 


Adjustment 


The first step in putting the 144-Mc. converter 
into service is to be sure that the oscillator is 
working correctly, as described in connection 

_with the 50-Mc. converter. This may be done 
with the plate and screen voltages disconnected 
from the pentode portion of the 6U8, if desired, 
by lifting tripler plate coil and the screen resistor 
from the B-plus line temporarily. Be sure that 
the oscillator is on the right frequency, and no 
other, as described earlier. 

Now connect the tripler plate coil and screen 
resistor to the B-plus line and check the tuning 
of the tripler capacitor, C3. Set it for maximum 
output on 137 Mce., as indicated by a grid-dip 
meter coupled to L7. The output required from 
the tripler may be checked after the r.f. section 
is tuned properly. It may be controlled by vary- 
ing the value of the screen dropping resistor, 
which is 47,000 ohms in the original. The tripler 
may be run at the lowest input that will give 
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Ls—3'2 turns like Ls. 

Le—13 turns No. 24 enam. closewound on 4-inch diam. 
iron-slug form (North Hills F-1000). 

L7—8 turns like L3, % inch long. 

Ls—1 turn insulated hookup wire between first two. turns 
of Lz. 

Lo—Same as Ls, inserted in Ls. 

Ji: —Coaxial connector, female. 

Jo—4-pin power connector, male flush mounting. 

RFC,, RFCo—1.8 wh. solenoid r.f. choke (Ohmite Z-144). 


satisfactory signal-to-noise. ratio. Above that 
point the injection is not critical. 

The r.f. circuits may now be adjusted. Set the 
trimmer, C4, across the r.f. cathode resistor, at 
maximum at first. Then on a test signal tune C; 
and C. for maximum response. The spacing 
between the turns of the r.f. plate coils, L3 and 
L4, should also be adjusted for highest signal 
level. 

If a noise generator is available, it should be 
used to set up the r.f. input circuit, the induct- 
ance of the neutralizing coil, and the value of the 
cathode bypass, C4. If signals or a signal genera- 
tor are used, the criterion should be greatest rise 
over noise for a given signal, rather than maxi- 
mum S-meter reading or loudest volume. Adjust- 
ment of the neutralizing coil, and setting of the 
cathode bypass value are all but impossible with- 
out a noise generator. Lacking one, it is best to 
use a fixed bypass.of about 100 wyuf. for C4, and 
leave the neutralizing winding at the specification 
given in the cut label. Changes in the neutralizing 
coil affect the tuning of the grid circuit. Recheck 
the setting of C after altering Lo. 

The coupling capacitor, Cio, is not critical, but 
for best rejection of 1.f. signals it should be as 
low as will give satisfactory performanée on 
144-Mc. signals. Insulated wires twisted together 
provide a convenient adjustment method. 

As the band is nearly three times as high in 
frequency as the 50-Mc. band, there will be less 
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difficulty in getting uniform response across the 
entire band. Tuning of the second r.f. and mixer 
circuits can be staggered to develop the desired 
bandwidth, and the value of C9 will have some 
effect on it as well. 


@ THE 220-MC. CONVERTER 


In the converter for 220 Mc., Figs. 16-13 and 
16-14, an additional r.f. amplifier stage is used 
ahead of the cascode-and-mixer combination. 
This is required because the gain per stage is 
lower at this frequency. It is also desirable be- 
cause of the added selectivity it affords. This may 
be very helpful in areas where interference from 
other services adjacent to the band may be 
bothersome. 


The additional stage is a grounded-grid ampli-_ 


fier, using a modified coaxial-line plate circuit for 
high Q and selectivity. It is not a broadband 
device and must be retuned in covering the band. 
The tube shown is a 6AM4. Similar results were 
achieved with the 6BC4, and nearly identical 
performance is possible with other u.h.f. triodes. 
The 417A and 416B should be superior. Noise 
figure is about 6 db. 

A series cascode using a 6BC8 dual triode fol- 
lows. This type of amplifier is easily adjusted 
and tends to deliver superior results as the upper 
limit of frequency is approached. The mixer is a 
6AK5. Its output circuit is, of course, the coil 
assembly in the power unit. 

The r.f. amplifier is similar to the one described 
separately later in the chapter, except that the 
output is taken off through the bottom of the 
assembly, with a tuned link, instead of through 
a coaxial fitting on the side. In the diagram, Fig. 
16-14, the plate line and coupling loop are shown 
as if they were coils, it being cumbersome to 
express a trough-line circuit schematically. 


Fig. 16-13—Interior of 
the 220-Mc. converter. 
Bottom plate and par- 
titions are of flashing 
copper, for effective 
grounding. Oscillator- 
multiplier circuitry is at 
the left; mixer and cas- 
code r.f. amplifier at 
the right. Grounded- 
grid amplifier is above 
the chassis. 


Mechanical Details 


A somewhat different method of construction 
is employed in the 220-Me. converter, in order to 
insure the most effective grounding and bypass- 
ing. A plate of aluminum is used, as in the other 
converters, but only for appearance and rigidity. 
The plate used for actual electrical grounding is 
a sheet of flashing copper. Wafer sockets are 
used, and wherever a terminal is grounded it is 
bent down flat and soldered directly to the copper 
plate. This makes for less lead and more effective 
grounding than where socket mounting screws 
and lugs are used ground connections. It also 
allows shield partitions of copper to be soldered 
directly to the base plate. 

The 220-Me. converter requires more space 
than the others, so a 7 by 9-inch chassis and 
plate are used. The lengthwise partition 11% by 
7 inches in size, after folding over 4 inch on each 
side for mounting and rigidity. The smaller is 114 
by 4 inches. The large shield is centered on the 
plate 2% inches in from the long edge. The 
smaller is 4144 inches in from the left edge. 

The oscillator is similar to the 144-Mc. unit, 
except that an air-wound coil and a variable ca- 
pacitor are used instead of a slug-tuned coil. The 
pentode section of the 6U8 is a quadrupler to 
213 Me. from a crystal frequency of 53.25 Mc. A 
series-tuned link feeds energy to the mixer grid 
circuit through a shielded-wire line. Oscillator- 
multiplier components are in the left portion 
of Fig. 16-13. 

_ Atthe rightare the mixer (upper socket) and the 
series cascode r.f. amplifier, below. Note that 
power wiring is made with shielded wire, laid 
close to the shields. Plate voltage is fed into the 
oscillator-multiplier and r.f.-mixer compartments 
on feed-through bypasses. Heater voltage for the 
r.f. amplifier goes through the plate on shielded 


wire at the lower left, and plate voltage at the 
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Fig. 16-14—Schematic diagram and parts information for the 220-Mc. 
converter. 


406 


lower right. The mica trimmer at the 
lower right is C2, in series with the low 
side of the coupling loop, La. The 
other end of the loop comes out on a 
feed-through bushing, National Type 
TPB. Its lead to Lz is shielded wire, 
running through the partition. 

In working with flashing copper 
parts the metal work should be com- 
pleted, up to the point where the parts 
are ready to assemble. The copper 
parts may then be polished with steel 
wool and given a fine spray coat of 
clear lacquer. This will help to keep 
them clean and bright, and it will not 
affect the soldering operations to be 
done later. 


Adjustment 


The oscillator and multiplier stages 
should be adjusted as outlined for the 
other converters, making sure that the 
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Ci—5-yuf. miniature variable (Hammar- 
lund MAC-5). 

Co—3-30-yyf. mica trimmer. 

C3—20-upf. miniature variable (Hammar- 
lund MAC-20). 

C1—10-uuf. miniature variable (Hammar- 
lund MAC-10). 

C5—7-45-yuf. ceramic trimmer (Centralab 
822-BN). 

Ce, C7, Cs, Co—500-yyf. feed-through 
bypass (Centralab MFT 500). 

Li—Inner conductor of trough line—%-inch 
copper tubing, 6% inches long, 
Ya-inch diam. C; connects 1% inches 
from plate end. See Fig. 16-22 and 
text. 

le—Coupling loop—insulated hookup wire 
3 inches long. Loop portion lays 
close to cold end of Li for 2 inches. 
Hot end comes through chassis on 
National Type TPB feed-through 
bushing. 

Ls—3 turns No. 18 tinned, %4-inch diam., 
Ys inch long, center-tapped. 

Ls—4 turns like L3, ¥% inch long. 

ls—8'% turns like Lz, % inch long, center- 
tapped. 

Le—2 turns insulated hookup wire at center 
of Ls. 

l;—6 turns No. 20 tinned Y2-inch diam., 
Ya inch long. (B & W No. 3003). 

ls—2 turns No. 18 tinned, ¥%-inch diam., 
spaced 4 inch. 

l>—2 turns insulated hookup wire between 
turns of Ls. 

Ji —Coaxial fitting, female. 

Ja—4-pin power connector, male. Must 
mount flush with surface of chassis. 

RFCi, RFCo, RFC3-—18 turns No. 24 enam., 
close-wound, Ya-inch diam. 
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correct frequencies are obtained. Next a signal 
may be fed into the 6BC8 stage through the 
shielded lme to L3. This may be disconnected 
from Ly temporarily and coax-fed antenna or a 
50-ohm signal generator termination may be con- 
nected across it. Now adjust the spacing of the 
turns in L3 and Ls for best performance. Maxi- 
mum gain will be a good-enough indication here, 
so a noise generator is not needed. 

Now the 6AM4 amplifier may be hooked up 
and tuned. It will be quite selective and will have 
to be retuned several times across the band. With 
the plate tuning capacitor tapped down the line 
as it is, the tuning range in megacycles is not 
great. Be sure, therefore, that it actually, does 
tune the entire way, and does not hit maximum 
or minimum capacitance inside the band. 

Adjustments may be made all along the line 
using maximum signal level as the basis for 
achieving the optimum setting, but only a noise 
generator will show if the converter is delivering 
the best sensitivity of which it is capable. It 
should be possible to get the noise figure down to 
about 6 db. using the 6AM4, if everything is 
working properly. 

If any doubt exists that the coils L3 and Ls are 
tuning properly, small twisted-wire capacitors 
may be connected from the grid end of Lz and the 
plate end of Zs to ground, and gradually in- 
creased in value. If the gain drops when the 
capacitor is connected, the coil is too large. If a 
small amount of added capacitance increases the 
gain, squeeze the coil turns closer together and 
try again. The inductance of L4 should not be 
particularly critical. It should be as large as can 
be used without causing instability. 

Injection from the quadrupler may be con- 
trolled by varying the position of either link 
winding, Les or Ly, with respect to its coil, and by 
adjusting Cs. Coupling should be increased until 
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6.3 V, 


Fig. 16-15—Bottom view of the power supply and i.f. 
output circuitry for the v.h.f. converters. A.c. switch is 
above power transformer, right. Next are the filter 
capacitor and the rectifier socket. The switch at the lower 
left cuts off the high voltage. The i.f. plate coil and the 
output fitting are in the upper left of the picture. 


there is no improvement in signal-to-noise ratio. 
Injection beyond that point is not critical, 
though it will affect the over-all gain somewhat. 
Fairly low injection is desirable as it will keep 
down the level of spurious responses. 


@ POWER SUPPLY AND LF. OUTPUT 


Though it may be possible to run a v.h.f. con- 
verter from the power supply of the receiver 
with which it is to be used, a supply for the con- 
verters is desirable. The one shown in Fig. 16-15 
and 16-16 is inexpensive and convenient. It de- 
livers the heater and plate power required by the 
converters, and in addition carries the mixer 
plate circuit and the provision for coupling into 
the receiver. 

Construction is not critical. Parts are assem- 
bled on a 5 by 7-inch plate and this fastens to a 
similarly sized chassis that matches the con- 
verters. The 50- and 144-Me. units plug into the 


els 
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Fig. 16-16—Schematic diagram of the converter power supply and i.f. output unit. Capacitors with polarity marked are 
electrolytic; others ceramic. 


Ci, Ce—Dual .005-uf., 125 volts a.c. 
(Sprague 125L-2D50). 

C3—.01-uf. disk ceramic. Mount at plug end of cable. 

Ri—50,000 ohms, 2 watts (2 100,000-ohm _ 1-watt 
resistors in parallel). 

Li— 10-hy. 50-ma. filter choke. 

L2—No. 28 enam. closewound 2 inch long on %-inch 
iron-slug form. Wind near upper end. 


disk ceramic 


Ji—Coaxial fitting, female. 

Jo—A4-pin power connector, female. Must mount flush with 
surface of chassis. 

Si, Se—S.p.s.t. toggle switch. 

Ti—Power transformer, 480 v. a.c., c.t., 40 ma., 5 v. 
2 amp., 6.3 v. 2 amp. (Thordarson TS-24RO00). 

Pi—A.c. plug on cord. 
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power unit through matching fittings on the 
sides. The larger 220-Mc. converter has the plug 
mounted on the end wall of the chassis, so that 
its 7-inch dimension is aligned with that of the 
supply. 

Arrangement of parts should be clear from the 
photographs, and parts location is in no way 
critical. Note that the a.c. connection is bypassed 
on both sides of the line. The capacitors Ci and 
Ce are a dual unit designed for this purpose. The 
bypass on the B-plus line, C3, should be at the 
plug end of the cable, with as short leads as pos- 
sible. It is important in preventing pickup of 
signals in the 1.f. tuning range, as are Cy and C2. 

Switches are provided for turning on the a.c., 
and for breaking the flow of plate current. This 
feature is helpful during adjustment when it may 
be desirable to remove the converter from its 
case. Plate voltage may be cut off for safety in 
handling, and then turned on again without loss 
of the time needed to warm up the tubes. 

Contact between the converter case and the 
power supply case may be important in prevent- 
ing signal pickup at 7 Me. If i.f. signals are both- 
ersome, try putting a spring clip under one of the 
screws that holds the power supply plate down. 
Place this so that it will make contact with the 
converter case or top plate when the two units are 
plugged together. It also may be necessary to 
bond the converter and power supply combina- 
tion to the frame of the communications receiver 
with which they are to be used. This should be 
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done with a short heavy copper strap or braid. 

Connection between the i.f. unit and the re- 
ceiver should be with coaxial line, and it is highly 
desirable to install a coaxial fitting on the re- 
ceiver in place of the usual terminal strip. The 
connections should be removed from the back of 
the strip, or the terminals may still allow some 
i.f. pickup. 


Using Other Intermediate Frequencies 


The i.f. tuning range beginning at 7 Mc. was 
selected as the most desirable for most receivers. 
Other ranges may be preferred, and the 1.f. can be 
altered easily enough. The injection frequency is 
lower than the signal frequency by whatever 1.f. 
you intend to use. For example, a 50-Me. con- 
verter with a 14-Mc. i.f. would have a crystal and 
injection frequency of 50-14, or 36 Mc. The 
144-Me. converter would have a 130-Mce. injec- 
tion frequency, and the crystal would be one- 
third of this, or 43.33 Me. 

Generally speaking, single-conversion com- 
munications receivers (most inexpensive types, 
and all older receivers) work best with low inter- 
mediate frequencies, such as 7 Me. or lower. 
Double-conversion receivers will be satisfactory 
in the 14-Me. range in almost every case, and 
some are stable enough to do well around 30 Me. 
At least one communications receiver, the 
NC-300, has a range designed especially for 
v.h.f. converter use, starting at 30.5 Mc. 


Preamplifier for 220 Mc. 


The amplifier shown in Figs. 16-17 to 16-19 
will improve the gain and noise figure of a 
- 220-Me. converter that is not operating at maxi- 
mum effectiveness. It also provides some addi- 
tional selectivity, which may be helpful in areas 
where signals from outside the band are trouble- 
some. The plate circuit has high Q, so it must be 
retuned in covering the band. 

The schematic diagram is the same as the first 
stage of the 220-Mc. converter, Fig. 16-14. The 
signal is fed into the cathode of the grounded-grid 
amplifier. The plate circuit is a trough line. Any 
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of the small u.h.f. triodes may be used, though a 
6AM4 is shown. Check pin connections and 
cathode resistor values for other types. 


Construction 


The outer conductor of the line, which also 
serves as the chassis, is made of flashing copper. 
If the details of Fig. 16-18 are followed, it may be 
made from a single piece. A small copper shield 
is placed across the tube socket to isolate the 
input and plate circuits. Just where this shield is 
located depends on the tube used, as various 


_ Fig. 16-17—220-Mc. trough-line pre- 
amplifier. Construction is similar to that 
used with the 220-Mc. converter, Fig. 
16-8, except that provision is made 
for cable connection to a remote 
receiver or converter. 


420-Mc. Receiver 


BEND DOWN 


BEND UP. 
a 


BEND Hea 


BEND DOWN 


tubes have different grid pin arrangements. All 
grid terminals are bent flat against the copper 
case, and soldered in place. 

The left end (bottom view, Fig. 16-19) contains 
the coaxial fitting for the antenna connection, the 
r.f. chokes and other components of the input 
circuit. The plate line, tuning capacitor, output 
coupling loop and coax fitting, and the B-plus 
feed-through capacitor mount in the large por- 
tion. A bottom cover for the line can be made of 
copper 8 inches long and 214 inches wide. Bend 
over a quarter inch on each side, and slip the 
cover over the edges of the case. 

The inner conductor is 14-inch copper tubing. 
Start with a piece 614 inches long. Saw the ends 
lengthwise to depths of 44 and % inch. Cut off 
one half at each end. The remaining portions are 
used to make connections. The half-inch end is 
bent down to solder to the plate lugs of the 
socket. The quarter-inch end solders to the feed- 
through capacitor. 

The tuning capacitor, Ci, is mounted with its 
stator bars toward the tube end of the line. The 
inner conductor will rest between these bars and 
they can be soldered to it readily. Plate. voltage 


Fig. 16-19—Bottom 
view of the preampli- 
fier 


» Fig. 16-18—Details of the outer con- 
ductor and chassis for the 220-Mc. 
preamplifier. 


is fed through Cs, heater voltage through C9. 
Output is taken off through the coupling loop, 
Lz, visible in Fig. 16-19. The series capacitor, 
(2, was omitted from the preamplifier, though it 
might be usefuJ if the amplifier works into a 
converter with an untuned input circuit. 


Adjustment 


The preamplifier may be connected to the con- 
verter through a coaxial line of any convenient 
length, but the converter input should be a 
coaxial fitting. To put the preamplifier into serv- 
ice, adjust the plate line for maximum signal 
strength. Then check the position of the coupling 
loop, adjusting for maximum response. Readjust 
the tuning of the line as the coupling is changed. 

The tuning range of Cy is not wide, so be sure 
that it actually tunes the line at both ends of the 
band. Some adjustment of tuning range can be 
had by rotating the mounting of the capacitor 
180 degrees. If this does not bring the tuning 
within range, the mounting hole can be elongated 
and the position of the trimmer adjusted as 
required. 


Receivers for 420 Mc. 


For best signal-to-noise ratio, receivers for any 
frequency should have the highest degree of 
selectivity that can be used successfully at the 
frequency in question. With crystal control or its 
equivalent in stability accepted as standard prac- 
tice on all bands up through 148 Mc., there is lit- 
tle point in using more bandwidth in receivers for 
these frequencies than is necessary for satisfac- 


tory voice reception, a maximum of about 10 ke. 
Such communication selectivity is now being used 
successfully by most workers on 220 and 420 Mc., 
too, but it imposes several problems not encoun- 
tered on lower bands. 

First isthe matter of oscillator instability in 
the converter. Even the best tunable oscillator at 
420 Me. suffers from vibration and hand-capacity 
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effects sufficiently to make it difficult to hold the 
signal in a 10-ke. i.f. band width. 

Then, there are still some unstable transmitters 
being used in work on 220 and 420 Me. It is out of 
the question to copy these on a selective receiver. 

Last, searching a band 30 megacycles wide is 
excessively time-consuming when communica- 
tions-receiver selectivity is used in the i.f. system. 

There is no single solution to these problems, 
but the best approach appears to be that of 
breaking up of the band into segments for differ- 
ent types of operation. This is being done by mu- 
tual agreement among 420-Mc. operators at 
present, as follows: 420 to 482 Mc. — modulated 
oscillators and wide-band f.m., 432 to 436 Me. — 
erystal-controlled ¢c.w., a.m. and narrow-band 
f.m.; 436 to 450 — television. 

The first segment can be covered with a super- 
regenerative receiver, a superheterodyne having 
a wideband i.f. system, or a converter used ahead 
of an f.m. broadcast receiver. The high selectivity 
required for best use of the middle portion makes 
a crystal-controlled or otherwise highly stable 
converter and communications receiver combina- 
tion almost mandatory. Amateur TV is usually 
received with a converter ahead of a standard TV 
recelver, tuned to some channel that is not in use 
locally. 

Many of the tubes used on the v.h.f. bands are 
useless at 420 Me., and the performance of even 
the best u.h.f. tubes is down compared to lower 
bands. Only the lighthouse or pencil-triode tubes 
and a few of the miniatures are usable, and these 
require modifications of conventional circuit tech- 
nique to produce satisfactory results. 

Crystal diodes are often used as mixers in 420- 
Me. receivers, as in this frequency range they 
work nearly as well as vacuum tubes. The over-all 
gain of a converter having a crystal mixer is about 
10 db. lower than one using a tube, so this differ- 
ence must be made up in the 1.f. amplifier. The 
noise figure of a receiver having a crystal mixer 
and no r.f. stage includes the noise figure of the 
i.f. amplifier following the mixer, so best results 
require that the if. amplifier employ low-noise 
techniques discussed earlier in this chapter. If 
the if. is 50 Me. or higher it is particularly im- 
portant that a low-noise triode be used for the 
first i.f. stage. 

Crystal diodes of the type used in radar mixers, 
such as the 1N21 series, are well suited to 420-Mce. 
mixer service, though care must be taken to avoid 
damage from transmitter r.f. energy. Other types 
of crystal diodes such as the 1N72 and CK710 
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Fig. 16-20—A highly effective r.f. amplifier for 420 

Mc. The tank circuit is a half-wave line made of flashing 

copper. Coaxial fittings are for input and output con- 

nections. Heater and plate voltages are brought in on 

feed-through bypass capacitors just visible on either 
side of the 6AJ4 tube. 


will stand higher values of crystal current, and 
their use is recommended. 

Few conventional vacuum tubes work well as 
mixers at 420 Me. and higher. The 6J6 is useful 
where a balanced input circuit is desired, as in 
Fig. 16-5C. For single-ended circuitry the 6AM4 
and 6AN4 are recommended. They may be used 
in grounded-grid or grounded-cathode circuits. 

For high-selectivity coverage of the 4382- to 
436-Me. segment of the band, a common practice 
is to use a crystal-controlled converter working 
into another converter for either the 50- or 144- 
Me. band, tuning the latter for the four-mega- 
cycle tuning range. 


@ A 420-MC. RF. AMPLIFIER 


The r.f. amplifier shown in Figs. 16-20 through 
16-22 is capable of a gain or more than 15 db. 
and its noise figure can be as low as 6 db. with 
careful adjustment. It will make a large improve- 
ment in the sensitivity of any converter or receiver 
that has no r.f. stage, or one that is working 
poorly. 

The design shown is for either the 6AJ4 or 
6AM4, but with suitable socket and pin-connec- 
tion changes the 417A, 6BC4 or 6AN4 will work 
equally well. It is a grounded-grid amplifier with 


6.3V.= 6.3V. 
Fig. 16-21—Schematic diagram of the 420-Mc. r.f, 
amplifier. 


Ci— 500-uyf. ceramic. 

Ce, C3—1000-uyf. ceramic feedthrough (Erie style 2404). 

Cs— Copper tabs, %-inch diam.; see text and photographs. 

Ri:— 150 ohms, 2 watt. 

R2—470 ohms, 2 watt. 

Li—“%4-inch copper tubing, 7¥% inches long, tapped 2% 
inches from plate end. 

L2—Loop of insulated wire adjacent to Li for % inch. 

Ji, Jo—Coaxial fitting. 

RFCi, RFC2, RFC3s—9 turns No. 22, ¥%-inch diam., spaced 
one diam. 


420-Mc. R.F. Amplifier 


Fig. 16-22—Bottom view of the 420-Mc. r.f. amplifier, 
with the slip-on cover removed. The inner conductor of the 
tank circuit is held in place by a block of polystyrene, 
mounted near the low-voltage point on the line. The plate- 
voltage feedthrough and output coupling loop may be 
seen at the left of this support. Heater, cathode and 
antenna-circuit components are in a separate compart- 
ment at the tube end of the assembly. The line is tuned at 
the opposite end by a handmade copper-tab capacitor. 


a half-wave line in the plate circuit The antenna 
is connected to the cathode of the tube through a 
coupling capacitor. As the input impedance of the 
grounded-grid stage is low, nothing is gained by 
the use of a tuned circuit in the cathode lead. 
Output is taken off through a coupling loop at the 
point of lowest r.f. voltage along the line. 

The amplifier is built in a frame of flashing 
copper that serves as the outer conductor of the 
tank circuit. The whole assembly is 10 inches long 
and 114 inches square, except for the bottom, 
which is about 134 inches wide. Edges are folded 
over with lips 14 inch wide which slide into a bot- 
tom cover made from copper sheet 214 by 10 
inches in size, with its edges bent up 14 inch wide 
on each side. 

The plate circuit is made of 14-inch copper 
tubing tuned by a copper-tab capacitor at the 
far end from the tube. Plate voltage is fed in at 
the point of minimum r.f. voltage, which in this 
instance is about 5 inches from the open end. 
The antenna is connected to the cathode through 
a coupling capacitor. The input impedance of 
the grounded-grid amplifier is so low that nothing 
is gained by using a tuned circuit at this point. 
The cathode and heater are maintained above 
ground potential by small air-wound r.f. chokes. 

The tube socket is two inches in from the end 
of the trough, and-is so oriented that its plate 
connection, Pin 5, is in the proper position to 
connect to the line with the shortest possible 
lead. A copper shielding fin is mounted across 
the interior of the trough 2’ inches from the 
end, dividing the socket so that Pins 3, 4, 5 and 
6 are on the plate side of the partition. 

Minimum grid-lead inductance is important. 
This was insured by bending all the grid prongs 
down against the ceramic body of the socket, and 
then making the mounting hole just big enough 
to pass this part of the socket and the prongs. 
They were soldered to the wall of the trough. 

Input and output connections are coaxial 
fittings mounted on the side wall of the trough. 
B-plus and heater voltage are brought into the 
assembly on feed-through capacitors mounted on 
the same side of the trough as the tube. Con- 
nection to the inner conductor of the line is 
made with a grid clip, so that the point of connec- 
tion can be adjusted. for optimum results. 

The copper tubing is slotted at the plate end 
with a hack saw to a depth of about 14 inch, and 
a strip of flashing copper soldered into this slot 
to make the plate connection. A copper tab about 
the size of a one-cent piece is soldered to the other 


end of the tubing to provide th? stationary plate 
of C4. The line is supported near the low-voltage 
point by a 44-inch-thick block of polystyrene. 
This is centered at a point 514 inches in from 
the tube end of the trough assembly. The hole 
for the B-plus feedthrough is 414 inches from 
the same end. 

The movable plate of C4 is soldered to a screw 
running through a nut soldered to the upper 
surface of the trough at a point 3% inch in from 
the open end. If a fine-thread screw is available 
for this purpose it will make for easier tuning, 
though a 6-32 thread was used in this model. This 
made a wobbly contact, so a coil spring was in- 
stalled between the top of the trough and the 
knob to keep some tension on the adjusting screw. 

Adjustment, of the 420-Me. amplifier is made 
easier if a noise generator is used, though it is 
not as important as in the case amplifiers with 
tuned input circuits. If the amplifier is working 
properly there will be an appreciable rise in noise 
as the plate circuit is tuned through resonance, 
and it may break into oscillation if operated 
without load. When connected to a following 
stage, with a reasonably matched antenna plugged 
into J1, the amplifier should not oscillate unless 
the coupling loop, Ze, is much too far from the 
inner conductor. 

When the amplifier is operating stably and 
tuned to a test signal (or to a peak of response 
to a noise generator), the next step is to locate 
the optimum position for feeding the plate volt- 
age into the line. This may be done by running 
a pencil lead slowly up and down the inner con- 
ductor, until a spot is found where touching the 
lead to the line has little or no effect on the opera- 
tion of the amplifier. The plate voltage clip should 
be placed at this point and the process repeated, 
moving the clip slightly until it is at the minimum- 
voltage point precisely. This adjustment should 
be made at the midpoint of the tuning range 
over which the amplifier is to be used. 

The position of the coupling loop should then 
be adjusted for best signal-to-noise ratio. This 
will probably turn out to be with the insulated 
wire lying against the inner conductor for a 
distance of about 34 to 1 inch, starting at the 
minimum-voltage point just located. 


@ A CRYSTAL-CONTROLLED CON- 
VERTER FOR 432 MC. 


The converter shown in Figs. 16-23 through 
16-26 is designed to provide high sensitivity and 


All 


Fig. 16-23—A crystal-controlled converter for 432 

to 436 Mc. R.f. and mixer stages are in copper sub- 

assemblies at the right. Oscillator, multiplier and i.f. 
amplifier are on the left side. 


signal-to-noise ratio in reception of signals in the 
432- to 436-Mce. range. It uses a grounded-grid 
r.f. amplifier stage similar to the one shown in 
Fig. 16-20, working into a crystal-diode mixer. 
The intermediate frequency, with the design con- 
stants given, is 50 to 54 Mc., though lower fre- 
quencies could be used by suitable modification 
of the injection chain. 

Crystal-controlled injection on 382 Me. is pro- 
vided by two 6J6s operating as overtone oscilla- 
tor-tripler and tripler-doubler, respectively. As 
only a small amount of r.f. is required at 382 Mc., 
this line-up is not difficult to build or adjust. An 
inexpensive 7-Mc. crystal is used. An i.f. pre- 
amplifier stage follows the crystal mixer. This 
may or may not be needed, depending on the per- 
formance of the receiver or converter that will 
serve as the tunable i.f. Low-noise amplification 
in the i.f. stage is a factor in the over-all perform- 
ance of the system, so use of the built-in i.f. stage 
is recommended. 


Construction 
The converter is built on a 7 X 11 X 2-inch 


aluminum chassis, with the r.f. and mixer por- 


tions in a copper subassembly that mounts on 
the top of the chassis, at the right side as seen in 
Fig. 16-23. The oscillator-tripler and_ tripler- 
doubler 6J6s are at the left front, with the 6BQ7A 
i.f. amplifier at the rear. The mixer line is the short 
portion of the copper assembly, with the r.f. 
amplifier line at the right. In the bottom view, 
Fig. 16-25, the injection-chain and i.f. amplifier 
components are visible. 


Fig. 16-24 is an interior view of the r.f. and 
mixer lines. These are made as two separate as- 
semblies, joined by short length of copper tubing 
that is visible in the top view. Both tank circuits 
are 114 inches square, with 14-inch copper 
tubing inner conductors. They are made from 
sheets of flashing copper 414 inches wide. The 
mixer compartment is 514 inches long and the 
r.f. portion is 10 inches long. 

The r.f. amplifier is similar structurally to 
the one described previously, except for the 
method of coupling between it and the crystal 
mixer. This is done with a grid clip on each line 
and a ceramic coupling capacitor. The lead from 
the capacitor, inside the amplifier line, is brought 
through a half-inch length of copper tubing that 
is soldered into the walls of both lines. The lead is 
insulated with spaghetti sleeving. 

The B-plus feed to the r.f. stage should be at 
the point of minimum r.f. voltage, 17% inches 
from the plate end of the copper tubing. The 
coupling tap is one inch out from the B-plus feed- 
point. The coupling point on the mixer line is 1 
inch from the ground end. The crystal diode is 
inserted in a small hole in the mixer inner con- 
ductor, 124 inches from the ground end. The 
inner conductors of the r.f. and mixer lines are 
7 3/16 and 5 inches long, respectively. Mixer 
tuning is done with a small plastic trimmer, Co, 
while the r.f. plate circuit is tuned with a hand- 
made tab capacitor, Cg, similar to C4 in Fig. 
16-21. 

Note the r.f. bypass, C's, on the outside of the 
mixer line. This is made from a piece of copper 
¥% inch in diameter, insulated from the line hous- 
ing by a piece of vinyl plastic. Two thicknesses 
of the material commonly used for small parts 
envelopes are satisfactory. The crystal, which 
may be any of the u.h.f. diodes, is slipped through 
a close-fit hole and is held in place by the wire 
soldered to its outside terminal. 

Plate and filament voltages are fed into the 
assembly on feed-through bypass capacitors, 
visible in the top-view photograph. Antenna con- 
nection is made through a coaxial fitting on the 
end of the r.f. assembly. A erystal-current jack, 
a 4-pin power fitting and two i.f. connectors are 
on the end wall of the chassis. The second coaxial 
connector was installed so that tests could be 
made with and without the 1.f. amplifier stage. 

Wiring in the power circuits is done with 
shielded wire, in case that TVI might result from 
the oscillator or multiplier stages. The addition 
of a bottom plate and power-lead filtering would 
then be effective. Injection and i.f. coupling leads 
are also made of shielded wire, this serving in 
place of coax line that is harder to handle. 

The output of the injection chain is coupled 
into the mixer line by means of a loop, Lg, that 


Fig. 16-24—Interior view of the r.f. amplifier and mixer 
assemblies. The r.f. circuit is a half-wave line. The shorter 
assembly is the quarter-wave line using a 
crystal diode mixer. 


Crystal-Controlled Converter for 432 Mc. 
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Fig. 16-25—Wiring diagram and parts list for the 432-Mc. crystal- 
controlled converter. Values given are for an i.f. of 50 to 54 Mc. 


C:—75-puf. miniature trimmer (Hammarlund MAPC-75). 

Co, Cz, Ca —20-upf. miniature trimmer (Johnson 20M1 1). 

C5s—25-yuf. miniature trimmer (Hammarlund MAPC-25). 

Ce, Crv—500-yuf. feed-through ceramic (Centralab 
MFT-500). 

Cs—Handmade copper-tab bypass; see text. 

Cg—Handmade copper-tab variable; see texf. 

Cio—0.5- tase plastic trimmer (Erie style 532-08- 
ORS). 

Li— 13 turns No. 20 tinned, %-inch diam., % inch long, 
tapped at 41 turns (B & W Miniductor No. 3007). 

l2—5 turns No. 20 tinned, Y2-inch diam., ¥% inch long 
(B & W Miniductor No. 3003). 

Ls—2% turns similar to Le. 

La—2 turns No. 12 tinned, 4-inch diam., 4 inch long. 

ts—1 turns ins. wire between turns of L4. May be inner 
conductor of shielded wire, with braid removed. 

Le—Half-wave line, Y4-inch copper tubing, 7%6 inches 
long. 


is not visible in the photographs. This loop is 
mounted on the copper base plate that is under 
the mixer and r.f. assembly. Its size and proxim- 
ity to the mixer inner conductor are not particu- 
larly critical, as there is a surplus of injection 
under ordinary conditions of operation. 


Adjustment 


The first step in putting the converter into op- 
eration is to tune up the oscillator and multiplier 
stages. This process is similar to the adjustment 
of a transmitter and will not be detailed here. 
Check to see that the proper frequencies appear 
as indicated on the schematic diagram. Only 
enough power at 382 Mc. is needed to develop 


L7—Quarter-wave line, %4-inch copper tubing, 5 inches 
long. 

Ls—Loop ae insulated wire 1 inch long and 1 inch high 
projecting through base plate on which line as- 
semblies are mounted. May be made from inner 
conductor of shielded wire, with braid removed 
from last two inches. 

Lop —2 turns No. 22 enam. around cold end of Lio. 

Lio—6 turns similar to Le. 

lii—11 turns No. 22 enam. close-wound on %-inch slug- 
tuned form (National XR-91). 

Liz—4 turns No. 28 silk or enamel wound over cold end 
of Li. 

Ji, Ja—Coaxial fitting. 

J3—Closed-circuit jack. 

Jsa—4-pin male chassis fitting. 

RFC—10 turns No. 22 tinned, Ye-inch diam. Space turns 
diam. of wire. 


about 0.5 ma. of crystal current. Anything from 
0.2 to 1.0 ma. is satisfactory. Adjustments should 
be made with no plate voltage on the r.f. stage. 

Now connect the converter to a 50-Mce. re- 
ceiver or converter and peak the i.f. amplifier 
circuits at about 52 Me. on noise. Next apply 
plate voltage and feed a signal into the r.f. stage. 
Peak the r.f. and mixer capacitors for maximum 
response at about 484 Mc. These adjustments 
can be made on noise also, if the circuits were 
close to resonance originally. If a noise generator 
is not available, the margin of signal over receiver 
noise that is obtained on a received signal is also 
usable, if adjustments are made with care. 

The points of connection for the B-plus and the 
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Fig. 16-26—Bottom view of the 432-Mc. 
converter, showing the oscillator, multiplier 
and i.f. amplifier circuits. 


coupling taps on the r.f. and mixer lines are criti- checked readily if the r.f.-mixer assembly is 
cal adjustments, but if the dimensions given mounted in place temporarily with a few self- 
above are followed carefully the points should be _ tapping screws. (Originally described in January, 
close to optimum. Adjustments can be made and 1954, QST, p. 24.) 


A Crystal-Controlled Converter for 1296 Mc. 


The converter described is the result of an voltage regulator for the crystal oscillator. One 
effort to simplify circuits and construction of a half of a 12AT7, Via, is an overtone oscillator at 
converter for 1296 Mc. to a point where it could approximately 53.4 Mc. The second half, Vip, 
be duplicated with a minimum of effort, and a doubles to 106.8 Mc. A 6CY5, V2, doubles to 
limited amount of equipment. 213.6 Mc. and drives a 6AK5 doubler to 427 Me. 

Only five tubes are used, and one of these isa The output of V3 drives a DR303 diode multiplier 


Fig. 16-27—From the top, the 1296-Mc. converter looks much like conventional designs for the v.h.f. bands. Across the 
lower portion of the chassis are the cascode i.f. amplifier stage and its output jack, left, the power connections shielded 
by means of an aluminum film can, the voltage regulator tube, and the 12AT7 crystal oscillator. In the upper right are 
the 6CY5 and 6AK5 frequency multipliers. The black nuts, left center, are used for 
tension on the adjusting screws for the u.h.f. circuits. 
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Crystal-Controlled Converter for 1296 Mc. 


J3 | 


Fig. 16-28—Circuit diagram and parts information for the 1296-Mc. converter. Decimal values of capacitors are in yf. 


Ci, C2, C3—0.5- to 5-upf. plastic trimmer (Erie 532-08- 
ORS). 

C4, Cs—Cavity tuning screws; see text. 

Ce—U.h.f. bypass: 1% X %-inch brass plate, insulated 
from end of r.f. assembly with .005-inch plastic 
film. See Figs. 16-29 and 16-31. 

Cz, + apenas feed-through bypass (Centralab FT- 
1000). 

CRi—Multiplier diode, DR 303 or 1N82. 

CR2—Mixer diode, 1N21B, C, D, E, or MA 421B. 

Ji, Jz—Coaxial fitting, BNC type. 


to 1282 Mc. The 1282-Mce. energy is coupled to 
the mixer crystal along with the input signal, and 
the 14-Mce. difference frequency is amplified by a 
6DJ8 cascode i.f. stage and coupled with a link 
to the output jack. 


The Injection System 


The crystal oscillator is operated at low volt- 
age and with a regulated plate supply to improve 
stability, a critical factor in operation at 1296 
Me. Variations in oscillator frequency that would 
go unnoticed at lower frequencies become dis- 
turbing at 1296 Mc., for even though the oscil- 
lator frequency is high to start with, it is being 
multiplied twenty-four times. Oscillator stability 
is improved if the crystal is not subjected to large 
and sudden changes in temperature. It was found 
that mounting the crystal inside the chassis, 
where it is protected from drafts, resulted in 
much better stability than mounting above the 
chassis. The three multiplier stages are quite 
conventional and need very little comment, with 
one possible exception: Pins 2 and 7 of the 
6AK5 should be grounded as directly as possible. 
Any stray inductance in the cathode lead seems 
to have a large effect on the output power of this 
stage. 


J3s—Closed-circuit jack. 

li—11 turns No. 22 enam. close-wound on %-inch slug- 
tuned form (CTC PLS-6 or LSM). 

Lo—4 turns like Li. 

Ls—6 turns No. 22 tinned, Y4-inch diam., Y% inch long, 
center-tapped. 

Ls—3 turns like Ls, Ae inch long. 

Ls—1 turn insulated hookup wire at center of L:. 

Le, Ly; —25 turns like Li. 

Ls—4 turns insulated hookup wire around B-+- end of Lz. 

RFC;—11 t. No. 22 spacewound on 1-watt resistor. 


Crystal diode multipliers may be new to some, 
but they provide a very simple way to get small 
amounts of r.f. at this frequency. Several types 
of crystal diodes may be used. When the con- 
verter was first constructed, various types were 
tried, and 1N82 diodes gave the best perform- 
ance. Later, a DR303 was tried, and it gave 
about twice the output. 


U.H.F. Circuitry 


The tuned circuits at 1282 and 1296 Mc. are 
halfwave coaxial lines, shorted at each end and 
tuned capacitively at their centers. The outer 
conductors are formed of thin brass sheet, sol- 
dered at the joints. Dimensions are not critical, 
except for length, and the circuit will probably 
work if the length is within plus or minus % inch. 
The center conductors are 14-inch brass rod, 
drilled and tapped at each end. The lines are 
tuned by 8-32 screws which provide a small 
variable capacitance to ground at the center of 
each line. A nut is soldered on the inside of each 
trough to provide threads, and a nylon nut (or 
short length of nylon rod tapped 8-32) is used on 
top of the chassis as a jam nut. This provides 
tension on the screw to give smooth tuning. The 
mixer crystal holder is made by soldering a 
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DIA. 
3 PLACES 


ly-inch length of 14-inch i.d., 5%-inch o.d. brass 
tubing in the %@-inch hole in the mixer bypass 
plate, then making two saw cuts across the end 
of the tubing at 90-degree angles to form fingers. 
These are bent in until they grip the large end of 
the erystal firmly. The mixer bypass plate is in- 
sulated by covering the side away from the 
erystal holder with cellophane tape, and is 
mounted on the end of the trough lines with 4-40 
screws and insulating shoulder washers. The 
holder for the small end of the crystal is a contact 
removed from an octal tube socket. 

The antenna input connector is a UG 1094/U 
BNC fitting. It must be spaced up with a few 
34-inch i.d. washers so that the threads will just 
reach through the chassis and the trough line 
with enough length for the nut. The center con- 


Fig. 16-29—Details of the sheet-metal 
parts of the trough-line tank circuits. The 
small plate at the left is insulated from the 
end of the trough assembly with thin sheet 
teflon. Slot in the partition, upper portion 
of drawing, provides space for the mixer 
crystal, as shown in Figs. 16-30 and 16-31. 


nection of the fitting should be cut down so that 
it clears the 14-inch rod that is the trough line 
center conductor. If desired, a type N fitting 
could be used by drilling out the hole for the 
larger fitting. The input loop is soldered to the 
end of the trough line about 3% inch up from the 
bottom, and run straight over to the input fitting. 
The coupling loop to the mixer crystal is soldered 
to the end of the trough line between the mixer 
crystal and the center conductor. The entire 
u.h.f. portion of the converter can be silver plated, 
if means are available, but this is not mandatory. 


Filtering 


The power to the converter should be filtered 
to prevent signals in the i.f. range from getting 
into the converter and back into the receiver. 


Fig. 16-30—Bottom view of the 1296-Mc. converter. Oscillator multiplier components are at the right. Note the diode 
multiplier in the lower right corner of the 1282-Me. tank circuit. The mixer crystal is at the left end of the tank circuits. 
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Crystal-Controlled Converter for 1296 Mc. 


Fig. 16-31—Close-up view of the u.h.f. circuits. These are halfwave lines, tuned at their midpoints. The mixer crystal is 

held in place by a slotted brass sleeve, soldered to a capacitor plate on the outside of the trough. Though it is not 

visible in the picture, the capacitor plate is insulated from the trough end with a thin film of plastic. Screws that hold 
the inner conductors in position are insulated from the capacitor plate by fiber washers. 


This is accomplished by bringing in B + through 
a 47-ohm resistor and a feed-through bypass 
capacitor. The filament power comes through 
a choke wound on a 1-watt resistor and through 
a feed-through bypass. To cover the exposed 
terminals on top of the converter, an aluminum 
can that 35-mm. film is packaged in was used. 
The top was flattened by placing the top over a 


large dowel and hammering out the bulge. The 
top is then drilled for the feed-through capacitors 
and the terminal strip mounting screw. The top 
is held in place on the top of the chassis with these 
components. The power cable is brought in 
through a grommet in the bottom of the film can. 
The paint can be removed from the film can with 
lacquer thinner. 
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Adjustment 


The oscillator and multiplier stages can be 
checked out as In any converter, using a grid-dip 
meter to tune circuits, up to the 213-Mce. stage. 
The output of the 427-Me. stage can be checked 
by temporarily disconnecting the multiplier 
diode where it connects to the side of the trough 
line and putting a meter in series with the diode 
to ground. Current here should be 6 ma. or more. 
The diode should then be reconnected and a 
0-l-ma. meter connected to the mixer current 
jack. The tuning screw in the 1282-Mc. trough 
line should be adjusted until crystal current is 
obtained. If the crystal current is less than 0.2 
ma., solder a 14-inch long piece of wire to the con- 
tact at the small end of the mixer crystal and 
bend the other end near the center conductor of 
1282-Mce. line, and readjust the tuning. 

Next, adjust the tuning of the 1296-Mc. line 
until the crystal current dips. This indicates that 
the input circuit is tuned to 1282 Mc. Back the 
screw out slightly, and you will be near 1296 Mc. 
Connect the converter to a receiver tuned to 14 
Me. and adjust the 1.f. amplifier coils for maxi- 
mum noise in the receiver. At this point you can 
listen for the harmonic of a 144- or 432-Mc. 
transmitter and peak up the input on that signal. 
For further improvement a crystal diode noise 
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. generator will be required. 

With a noise generator, experiment with size 
and shape of input covpling and mixer coupling 
loops, and: local oscillator injection. It may be 
worthwhile, also, to try different taps on the 1.f. 
input coil. When changing mixer crystals, do not 
decide which is best until you have optimized 
these adjustments for the particular crystal in 
question. A 1N21E may seem no better than the 
1N21B you started with, until things are peaked 
up for the new crystal. Then there is a difference. 

It is important that the shortest possible feed- 
line be used at this frequency. RG-8/U is com- 
monly used, but has about 9-db. loss per 100 feet. 
The converter has a BNC input connector as 
RG-55/U cable is used between the converter 
and the antenna relay, a distance of three feet. 
From the relay to the antenna, RG-8/U is used. 
Double-shielded cables such as RG-71/U 93-ohm 
or RG-55/U 53-ohm cable should be used between 
converters and the receiver to keep signals at 
the intermediate frequency from leaking to the 
receiver. 

K6AXN provided a drawing of the converter top plate 
which can be used as a template for drilling. Copies of this 
template will be sent free of charge upon receipt of a 


stamped self-addressed envelope. Address ARRL Technical 
Dept., West Hartford 7, Conn. 


CHAPTER 17 


V.H.F. Transmitters 


Transmitter stability regulations for the 50- 
Me. band are the same as for lower bands, and 
proper design may make it possible to use the 
same rig for 50, 28, 21, and even 14 Mce., but 
incorporation of 144 Me. and higher in the usual 
multiband transmitter is generally not feasible. 
Rather, it 1s usually more satisfactory to com- 
bine 50 and 144 Mc., since the two bands are 
close to a third-harmonic relationship. At least 
the exciter portion of the transmitter may be 
made to cover both bands very readily. 

Though no stability restrictions are imposed 
by law on amateur operation at 144 Me. and 
higher, the use of stabilized narrow-band systems 
pays off in improved effectiveness in both trans- 
mitter and receiver. It is this factor, more than 
the interference potentialities of the wide-band 
systems, which makes it desirable to employ 
advanced techniques at 144, 220 and 420 Mc. 

The low-power stages of a transmitter for the 
v.h.f. bands need not be greatly different in de- 
sign from those used for lower bands, and the 
techniques of Chapter Six can be used. The con- 
structor has the choice of starting at some lower 
frequency, usually around 6, 8 or 12 Mce., multi- 
plying to the operating frequency in one or more 
additional stages, or he can use a high initial 
frequency and thus reduce the number of multi- 
plier stages. The first approach has the virtue of 
using low-cost crystals, but h.f. crystals may effect 
an economy in power consumption, an important 
factor in portable or emergency-powered gear. 


@ CRYSTAL OSCILLATORS 


Crystal oscillator stages for v.h.f. transmitters 
may make use of any of the circuits shown in 
Chapter Six when crystals up to 12 Mc. are used, 
but certain variations are helpful for higher 
frequencies. Crystals for 12 Me. or higher are 
usually of the overtone variety. Their frequency 
of oscillation is an approximate odd multiple of 
some lower frequency, for which the crystal is 
actually ground. ‘Thus 24-Me. crystals com- 
monly used in 144-Mc. work are 8-Mce. cuts, 
specially treated for overtone characteristics. The 
overtone crystals currently being supplied are 
nearly as stable as those designed for fundamental 
operation, and they are easy to handle in prop- 
erly designed circuits. 

Best results are usually obtained with overtone 
crystals if some regeneration is added. This makes 
for easy starting under load and greater output 
than would be obtainable in a simple triode or 
tetrode circuit. Regenerative circuits, with con- 
stants for 8- or 24-Me. crystals, are shown in 
Figs. 17-20 and 17-24. Triodes are shown, but the 
same arrangement may be used with tetrode or 
pentolde tubes. The important point In either case 
is the amount of regeneration, controlled by the 


number of turns below the tap in LZ of Fig. 
17-20 or 17-24. There should be only enough feed- 
back to assure easy crystal starting and satisfac- 
tory operation under load; too much will result 
in oscillation not under the control of the crystal. 
Overtone operation is possible with standard 
fundamental-type crystals, using these circuits. 
Practically all will oscillate on their third over- 
tones, and fifth and higher odd overtones may 
be possible. Adjustment of regeneration is more 
critical, however, if the crystals are not ground 
for overtone characteristics. The frequency may 
not be an exact multiple of that marked on the 
crystal holder, so care should be used in working 
with crystals that are near a band edge. 
Crystals ground for overtone service can be 
made to oscillate on other overtones than the one 
marked on the holder. For more discussion of 
overtone oscillator techniques, see QS7' for April, 
1951, page 56, and March, 1955, page 16. 
Crystals are now available for frequencies up 
to around 100 Mc. They are somewhat more 
expensive and more critical in operation than 
those for 30 Me. and lower, however. Use of 
50-Me. crystals is made occasionally as a means 
of preventing radiation of the harmonics from 
lower frequency crystals that might cause TVI. 


@ FREQUENCY MULTIPLIERS 


Frequency multiplying stages in a v.h.f. trans- 
mitter follow standard practice, the principal pre- 
caution being arrangement of components for 
short lead length and minimum stray capacitance. 
This is particularly important at 144 Me. and 
higher. To reduce the possibility of radiation of 
oscillator harmonies on frequencies that might 
interfere with television orother services, the 
lowest satisfactory power level should be used. 
Low-powered stages are easier to shield or filter, 
in case such steps become necessary. 

Common practice in v.h.f. exciter design is to 
make the tuned circuits capable of operation over 
the whole range from 48 to 54 Mc., so that the 
output stage can drive either an amplifier at 
50 to 54 Me. or a tripler from 48 to 144 Me. 
Tripling is often done with push-pull stages, 
particularly when the output frequency is to 
be 144 Me. or higher. 


@ AMPLIFIERS 


Most transmitting tubes now used by ama- 
teurs will work on 50 Mc., but for 144 Me. and 
higher the tube types are limited to those having 
low input and output capacitances and compact 
physical structure. Leads must be as short as 
possible, and soldered connections should be 
avoided in high-powered circuits, where heating 
may be great enough to melt the solder. 

Plug-in coils and their associated sockets or 
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jack bars are generally unsatisfactory for use at 
144 Me. and higher because of the stray induct- 
ance and capacitance they introduce. One way 
around this trouble is the use of a dual tank cir- 
cuit in which the inductor for 144 Me. is a con- 
ventional tuned line, with its shorting bar made 
as a removable plug. When the stage is to be 
used on another band the short is removed and a 
coil is plugged into the jack, the line then serving 
as a pair of plate leads. Such an arrangement will 
operate as efficiently on 144 Me. as if it were de- 
signed for that band alone. 

At 220 Me. and higher it may be necessary to 
employ half-wave lines as tuned circuits, as shown 
in Fig. 17-28 (P in place). 

Neutralization of triode amplifiers for 50 and 
144 Me. can follow standard practice, but the 
stray inductance and capacitance introduced by 
the neutralizing circuits may be excessive for 
220 Me. and higher. In such instances grounded- 
grid amplifiers may be used. Driving power is 
applied to the cathode circuit, with the grid 
acting as a shield. Some of the drive appears in 
the output, so both the driver and amplifier must 
be modulated when a.m. is used. For this reason 
the grounded-grid amplifier is used mainly for f.m. 

Instability shows up frequently in tetrode 
amplifiers as the result of ineffective screen by- 
passing. The solution lies in series-resonating the 
screen circuits to ground, as shown in Figs, 17-13 
and 17-24. The r.f. choke and capacitor values 
vary with frequency, so screen neutralization is 
essentially a one-band device. 


@ FREQUENCY MODULATION 


Though f.m. has not enjoyed great popularity 
in v.h.f. operation, probably because of lack of 
suitable receivers in most v.h.f. stations, its possi- 
bilities should not be overlooked, particularly for 
the higher bands. At 420 Mc., for instance, the 
efficiency of most amplifiers is so low that it is 
often difficult to develop sufficient grid drive 
for proper a.m. service. With f.m. any amount 
of grid drive may be used without affecting the 
audio quality of the signal, and the modulation 
process adds nothing to the plate dissipation. 
Thus considerably higher power can be run with 
f.m. than with a.m. before damage to the tubes 
develops or the signal is of poor quality. 

Frequency modulation also simplifies transmit- 
ter design. The principal obstacle to greater use 
of f.m. in v.h.f. work is the wide variation in 
selectivity of v.h.f. receivers, making it difficult 
for the operator to set up his deviation so that it 
will be satisfactory for all listeners. 


@ v.H.F. TVI PREVENTION AND CURE 


The principal causes of TVI from v.h.f. trans- 
mitters are as follows: 

1) Adjacent-channel interference in Channel 2 
from 50 Me. 

2) Fourth harmonic of 50 Me. in Channels 11, 
12 or 18, depending on the operating frequency. 

3) Radiation of unused harmonics of the 
oscillator or multiplier stages. Examples are 
9th harmonic of 6 Mc., and 7th harmonic of 
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8 Mc. in Channel 2; 10th harmonic of 8 Me. in 
Channel 6; 7th harmonic of 25-Me. stages in 
Channel 7; 4th harmonic of 48-Me. stages in 
Channel 9 or 10; and many other combinations. 
This may include i.f. pickup, as in the cases of 
24-Me. interference in receivers having 21-Mc. 
i.f. systems, and 48-Mce. trouble in 45-Mce. i.f.’s. 

4) Fundamental blocking effects, including 
modulation bars, usually found only in the lower 
channels, from 50-Me. equipment. 

5) Image interference in Channel 2 from 144 
Me., in receivers having a 45-Mce. i.f. 

6) Sound interference (picture clear in some 
cases) resulting from r.f. pickup by the audio 
circuits of the TV receiver. 

There are many other possibilities, and u.h-f. 
TV in general use will add to the list, but nearly 
all can be corrected completely, and the rest can 
be substantially reduced. 

Items 1, 4 and 5 are receiver faults, and nothing 
can be done at the transmitter to reduce them, 
except to lower the power or increase separation 
between the transmitting and TV antenna sys- 
tems. Item 6 is also a receiver fault, but it can 
be alleviated at the transmitter by using f.m. or 
c.w. instead of a.m. phone. 

Treatment of the various harmonic troubles, 
Items 2 and 3, follows the standard methods 
detailed elsewhere in this Handbook. It is sug- 
gested that the prospective builder of new v.hf. 
equipment familiarize himself with TVI preven- 
tion techniques, and incorporate them in new 
construction projects. 

Use as high a starting frequency as possible, 
to reduce the number of harmonics that might 
cause trouble. Select crystal frequencies that do 
not have harmonics in TV channels in use locally. 
‘xample: The 10th harmonic of 8-Me. erystals 
used for operation in the low part of the 50-Mce. 
band falls in Channel 6, but 6-Mce. crystals for 
the same band have no harmonic in that channel. 

If TVI is a serious problem, use the lowest 
transmitter power that will do the job at hand. 
Much interesting work can be done on the v.h-f. 
bands with but a few watts output, particularly 
if a good antenna system is used. 

Keep the power in the multiplier and driver 
stages at the lowest practical level, and use link 
coupling in preference to capacitive coupling. 

Plan for complete shielding and filtering of the 
r.f. sections of the transmitter, should these steps 
become necessary. 

Use coaxial line to feed the antenna system, and 
locate the radiating portion as far as possible 
from TV receivers and antenna systems. 

Some v.h.f. TV tuners have removable strips 
that can be replaced with double-conversion 
inserts for u.h.f. reception. For a number of 
channels the first conversion frequency may 
then fall in or near the 144-Mc. band. Where 
this method is employed for u.h.f. reception 
the receiver is very sensitive to 144-Mc. inter- 
ference. The cure is to replace the strips with 
others having a different conversion frequency, 
or use a conventional u.h.f. converter for recep- 
tion of the channels from 14 up. 


A High-Power Transmitter 


High-Power Transmitter for 50 and 144 Mc. 


The gear described in the next several pages 
shows how transmitting equipment for two v.h.f. 
bands can be coordinated in design so as to work 
from a single exciter. If the builder so desires, the 
station may be ‘operated from one set of power 
supplies and speech equipment, with a single set 
of meters measuring the important currents in 
both transmitters. Hach item can be used by it- 
self, or they combine readily to cover both 50 
and 144 Mce., at a power level approaching the 
legal limit. 

In order of their description they are an exciter 
capable of delivering up to 40 watts output at 48 
to 54 Mc., a companion amplifier for the 50-Mce. 
band, a tripler-driver-amplifier for 144 Me., and 
a dual antenna coupler for feeding 50- and 144- 
Me. antennas having balanced lines. Their phys- 
ical appearance is such that they combine neatly 
for rack mounting, as seen in Fig. 17-1. 


@ THE EXCITER 


Though it is shown mounted on the same panel 
as the 50-Mc. amplifier in Fig. 17-2, the exciter 
unit might well be used alone, as a versatile 50- 
Me. transmitter capable of running up to about 


65 watts input. Provision is made for taking off 
48-Mc. output at two power levels, through ./3 
or Jo, the latter being used for driving the 144- 
Me. tripler to be described later. 

The exciter is completely shielded, and its 
power leads are filtered to prevent radiation of 
harmonics by the power cable. In addition, there 
are built-in traps to absorb unwanted oscillator 
harmonics that might otherwise be passed on to 
the amplifier, or to the antenna. Harmonics of 
this kind are particularly troublesome when they 
fall in Channel 2, which is so close to the operat- 
ing frequency that a filter in the antenna line is 
relatively ineffective against them. 

The interstage coupling circuits are of band- 
pass design. Once they are properly adjusted 
they require no further tuning, when the fre- 
quency is changed over a 4-Me. range. Thus only 
the crystal switch and the output plate circuit 
need be adjusted when changing frequency. 


Circuit Details 


The oscillator is a 5763, using crystals above 6, 
8, 12, or 24 Me. for 144-Me. operation, or 6.25, 
8.34, 12.5 or 25 Me. for 50 Me. Its plate circuit 
tunes 24 to 27 Mc., quadrupling, tripling or dou- 
bling the crystal frequency. (Crystals 
at 24 to 27 Me. are overtone cuts that 
oscillate at one-third the marked fre- 
quency in this circuit.) A series-tuned 
trap, £1C4, in the oscillator plate circuit 
absorbs the third harmonic of 6-Me. 
crystals. This 18-Mc. energy otherwise 
would pass on to the next stage, where 
it would be tripled to a frequency in 
Channel 2. This harmonic has been 
found to be a common cause of 50-Mc. 
TVI in Channel 2 areas. 

The doubler is also a 5763. A second 
trap, Cala, in the grid circuit, is tuned 
to the 7th harmonic of 8-Mc. crystals. 
The two traps thus prevent radiation 
of energy in Channel 2, the most critical 
transmitter problem a 6-meter man is 
likely to encounter in correcting TVI. 
They can be modified for other fre- 


Fig. 17-1—A high-power r.f. section for 
a 50- and 144-Mc. station. Equipment in- 
cludes a band-pass exciter for both bands, 
a 50-Mc. r.f. amplifier built on the same 
panel, a tripler-driver-amplifier for 144 
Mc., and a dual antenna coupler for both 
frequencies. Units can be operated with a 
single set of power supplies, and with com- 
mon speech equipment and meters. 


421 


Fig. 17-2—The 50-Mc. r.f. unit. 

Exciter, left portion on the assem- 

bly, also serves on 144 Mc. Ampli- 

fier utilizes a 4-125A, 4-250A or 
4-400A, 


quencies to suit local problems. An example is the 
10th harmonic of 8-Mc. crystals, that falls in 
Channel 6. A trap for the 5th harmonic of the 
crystal frequency should take care of this. 

The 6146 amplifier stage has a shunt-fed pi- 
network plate circuit. For best stability over the 
entire operating range the stage is neutralized. 
The choke, RFC, is provided to short out the 
d.c. voltage that would appear on the output cir- 
cuit if Cg should break down. The choke in the 
plate lead, RFCs, is for parasitic oscillation sup- 
pression. Note that each of the three cathode 
leads is bypassed separately at the socket. The 
exciter may be keyed in the 6146 cathode jack, 
J 4. 

Double-tuned band-pass circuits between the 
oscillator and doubler, and between the doubler 
and final, provide essentially flat response from 
48 to 52 Mce., or 50 to 54 Me. A potentiometer 
in the doubler screen circuit provides excitation 
control for the 6146, and may be used to com- 
pensate for variations in drive that may appear 
at some spots in the band. 

The link winding on the doubler plate circuit, 
L¢, is for the purpose of taking off low-level 48- 
Me. output to drive the tripler in the 144-Mce. r.f. 
‘unit. Note that the keying jack in the 6146 
cathode circuit is the open-circuit type. Remov- 
ing the key thus disables the 6146 stage, when 
the first two stages are being used in this way. 
Separate heater and filament switches on all 
units allow them to be operated separately. High- 
voltage supplies may be left connected to all r.f. 
units, energizing only the filaments and heaters 
in the ones being used. 


Construction 


The exciter is built on a 5 X 10 X 3-inch 
aluminum chassis, with a bottom plate and a 
perforated aluminum cage to complete the shield- 
ing. The small knobs at the lower left of the front 
view are for the crystal switch and the excitation 
control. The crystal switch has 12 positions. Ten 
are for the crystals on the multiple crystal socket 
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(Johnson No. 126-120-1). One more crystal posi- 
tion is provided on the front panel (a convenience 
if you want to use a frequency not covered by 
the 10 crystals in the multiple socket), and the 
12th switch position is for an external v.f.o. It 
connects the 5763 grid to the coaxial v.f.o. input 
fitting, and shorts out RFC, and its parallel 
capacitor. The stage then functions as a fre- 
quency multipher. The output frequency of the 
v.f.o. could thus be in the 6-, 8- or 12-Me. range. 
Above the excitation control may be seen the 
knobs for the 6146 plate and output coupling 
capacitors. 

Three coaxial connectors are on the rear wall 
of the exciter. The one at the outside edge is for 
v.f.o. input. The others are the doubler and 6146 
output fittings. Two 4-terminal steatite strips 
handle the various power and metering leads. 
Adjacent to each terminal except the ground con- 
nection is a feed-through bypass capacitor to 
take the power lead through the chassis. 

TVI that might result from radiation of har- 
monics by the power leads is prevented by filter- 
ing of each lead. The feed-through bypasses are 
connected to the exciter circuits through r.f. 
chokes, the inner ends of which are again by- 
passed with small disk ceramic capacitors. All 
power leads are made with shielded wire, bonded 
at intervals to the chassis. 

The side view shows the multiple crystal socket 
at the front of the chassis. Separate crystal sock- 
ets may be used if desired. The oscillator and 
doubler tubes are in the foreground. The trap 
capacitors, C; and C4, are adjacent to these 
tubes, while Co and C3 are between them, a bit 
off their center line. To the rear of the 5763 
doubler are Cs and C7. The grid tuning capacitor 
for the 6146, C¢, is Just visible inside the amplifier 
compartment. 

A separate lead is provided for each power cir- 
cuit. Fixed bias for the 6146 is brought in from 
the bias supply that is part of the high-power 
amplifier assembly. This bias is desirable to pre- 
vent the plate current from rising too high when 


Exciter Construction 


the excitation is backed off. If the exciter is used 
alone, fixed bias is unnecessary. External meters 
can be connected in any of the circuits at the 
terminal strips. 

The sides, back and top of the amplifier cage 
are Reynolds ‘‘ Do-It-Yourself”? perforated alu- 
minum sheet, now available in many hardware 
stores. The pieces are joined together at the 
corners with lengths of 24-inch aluminum angle 
which can be bought or bent up from sheet stock. 
The tuning and loading capacitors are mounted 
on the front of the cage, so this part should be a 
piece of solid sheet stock rather than the perfo- 
rated material. The dimensions of the cage are not. 
critical. The original is 534 inches deep, 254 inches 
across, and 414 inches high. Make provision for 
removing the top and outside sheets of perforated 
stock for convenience in servicing, when the 
exciter is mounted against the amplifier unit. 
Extension shafts and couplings bring out the 
amplifier controls to the panel. 

Inside the cage, the 6146 can be seen with its 
socket mounted above the chassis on %-inch 
metal sleeves. The cathode and screen bypasses 
should connect to separate ground lugs on the 
top of the chassis, with the shortest possible 
leads. This wiring can be done conveniently be- 
fore the socket is mounted on the chassis if nuts 
are used temporarily to hold the ground lugs in 
place over the socket mounting screws. The neu- 
tralizing adjustment, Cs, is mounted on the rear 
wall of the cage, and wired to the 6146 plate clip 
and the feed-through bushing with 32-inch 
wide strips of thin copper. A ceramic insulator 
mounted on the wall near the 6146 plate cap 
supports the junction of RFCs, RFC3, and C9. 
An ordinary tie point supports the 
other end of RFC3 and the shielded 
power lead. The plate coil, Ls, can be 
seen in back of the 5763 doubler tube, 
wired between the stators of Cio and 
Cy. Cig and RFC, are mounted near 
Cy1, and hooked between its stator bar 
and a ground lug. A short length of 
RG-58/U coax runs down through a 
hole in the chassis from Cy; over to J/3. 

Most of the parts visible in the 
chassis view can be identified from our 
description of the panel, rear, and top- 
side layouts. The oscillator cathode 
choke, RFC, can be seen mounted up- 
right near the oscillator tube and crys- 
tal sockets. Both 5763 sockets should 
be oriented so that Pins 4 and 5 are 
adjacent to the outside chassis wall. LZ 
is visible between C; and the oscillator 
tube socket. Lo and Lz run between this 
socket and that of the doubler. These 


Fig. 17-3—Side view of the exciter, with cover 

removed. Band-pass coupling circuits eliminate 

front-panel tuning controls except for crystal 
switch and output stage tuning. 


coils are made from a single length of Miniductor 
stock with the specified number of turns removed to 
provide spacing between them. The same applies 
to Ls and L7. These are to the left of the 6146 
socket. L4 is between the doubler socket and C4. 
The trap coils are mounted with their axes verti- 
cal, to minimize coupling to the band-pass coils. 
Le is wound around and cemented to the by- 
passed end of Ls. 

The power lead r.f. chokes are mounted be- 
tween single-terminal tie points on the rear lip of 
the chassis and the feed-through capacitors. The 
disk ceramic bypasses are then applied to the tie 
points. A single-terminal tie point mounted under 
RFC, holds one end of the 3300-ohm doubler 
screen resistor and the lead over to the terminal 
strip at the rear. A double tie point is mounted 
between the two 5763 sockets to support the by- 
passed ends of Ly and Ls. Another over nearer 
the rear of the chassis supports the cold end of 
Ls and the bottom of the doubler grid resistor. 

Wiring will be simplified by the following pro- 
cedure. Before mounting the crystal switch, 
ground one terminal of each crystal socket 
through a bus wire. Connect short lengths of 
tinned wire to the other terminal of each socket 
that will be under the switch. Then when the 
latter is installed, the wires can be run to the 
proper contacts and soldered in place. Note that 
the front wafer of the switch is used for shorting 
out RFC, while the crystal socket connections 
are made to the rear wafer, which is more ac- 
cessible. The v.f.o. input socket is connected to 
the proper switch contact with a length of 
RG-58/U coax. 

In assembling the power lead filtering compo- 
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Fig. 17-4—Schematic diagram of 48-54-Mc. exciter. All capacitances less than .001 wf. are in uuf. All .001-uf. capaci- 
tors are disk ceramic. All resistors are Y2 watt unless otherwise specified. 


Ci, Ceo, C3—35-uuf. miniature trimmer (Hammarlund 
MAPC-35). 

C4—10-yyf. miniature variable (Hammarlund MAC-10). 

Cs, Ce—20-upf. miniature variable (Hammarlund MAC-20). 

C7—50-pf. miniature trimmer (Hammarlund MAPC-50). 

Cs—15-yuf. miniature trimmer (Hammarlund MAPC-15). 

Cs, Ci3—.001-puf. 3000-volt disk ceramic. 

Cio—35-uuf. miniature variable (Hammarlund HF-35). 

C11—100-uuf. miniature variable (Hammarlund MAPC- 
100B). 

Ci2—100-upuf. 1000-volt mica. 

Ci4—C29o—.00 1 - uf. feedthrough-type ceramic (Centralab 
FT-1000). : 

Li—16 turns No. 24, ¥%-inch diam., 32 t.p.i. (B & W Mini- 
ductor No. 3008). 

l2, Ls—12 turns each No. 20, ¥%-inch diam., 16 t.p.i 
(B & W Miniductor No. 3007). Make from one 
piece of Miniductor with 5 turns removed between 
coils. Cold ends are adjacent. 

Lsa—10 turns No. 20, Y2-inch diam., 16 t.p.i. (B & W Mini- 
ductor No. 3003). 


nents at the rear of the chassis, the disk ceramic 
bypasses can most easily be mounted on the tie 
points before the latter are fastened inside the 
chassis. Wiring up the power leads should be 
done before the r.f. chokes are mounted in place. 


@ THE 50-MC. AMPLIFIER 


Though the exciter and amplifier are pictured 
on a single panel, the possibility of using either 
by itself should not be overlooked. The exciter 
will make a fine low-powered transmitter, and 
the final amplifier may be used with any exciter 
delivering 15 watts or more. 

It will take up to the legal limit of power with 
a 4-400A tube, 750 watts with a 4-250A, or 400 
watts with a 4-125A. 
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Ls, l7—6 turns No. 20, Ya-inch diam., 16 t.p.i. (B & W 
Miniductor No. 3003). Make from one piece of 
Miniductor with 3 turns removed between coils. 

Ls—2 turns hookup wire wound around cold end of Ls and 
cemented in place. 

Ls—4 turns No. 18, %-inch diam., 8 t.p.i. (B & W Mini- 
ductor No. 3010). 

Ji, J2, Js—Coaxial chassis fitting (Amphenol 83-1R). 

Ja;—Open-circuit phone jack. 

Ri; —25,000-ohm 4-watt pot. 

R2—33,000-ohm 3-watt (3 
parallel). 

RFC; —2.5-mh. r.f. choke (National R-100S). 

RFC2, RFCs, RFCs—7-yh. solenoid v.h.f. choke (Ohmite 
Z-50). 

RFC;—6 turns No. 22 tinned wire, Y4-inch diam., spaced 
one-wire diam. 

RFCe—RFCi2—15 turns No. 24 enam. close-wound on high 
value 1-watt resistor. 

Si—2-pole 12-position miniature ceramic rotary (Cen- 


tralab PA-2005). 


100,000-ohm 1-watt in 


The plate circuit is a larger version of the one 
used in the 6146 stage of the exciter, a shunt-fed 
pi-network. Operation is completely stable with- 
out neutralization, probably because the natural 
neutralized frequency of the tubes is close to 50 
Me. Provision was originally made for neutral- 
ization, but it was found to be unnecessary. Para- 
sitic suppression devices were not required, but 
if the layout is varied appreciably from that 
shown, the builder should check for both types 
of instability with great care. 

The jack in the filament center-tap lead is for 
keying, or for insertion of a grid-bias modulator. 
A bias supply that delivers about 50 volts nega- 
tive for the 6146 and 150 for the final amplifier 
is included in the final stage assembly. Filament 
transformers for the exciter and final are also part 
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of this unit. Separate filament switches are in- 
cluded; one for the exciter and the other for the 
final tube and the blower motor. Power leads 
except the high voltage, are brought in on an 8- 


pin plug. 
Building the Amplifier 


A 12 X 10 X 3-inch aluminum chassis is used 
for the amplifier unit. Thus, it may be combined 
with the exciter on a 10!'4-inch rack panel, if 
desired. The amplifier controls mounted near the 
panel bottom are, left to right, the input link 
reactance capacitor, Cy; the grid tuning capacitor, 
Co; and S; and Se. S; applies a.c. to the trans- 
former for the exciter heaters and to the bias 
supplies. So applies a.c. to the filament trans- 
former of the amplifier and starts the cooling fan. 
Above the switches on the panel are the amplifier 
plate tuning and loading controls. 

On the rear of the chassis, coaxial connectors 
for r.f. input and output are mounted at either 
end. Between them are the high-voltage con- 
nector for the plate supply, the cathode circuit 
jack, and a fitting for the remaining power and 
meter leads. 

Above the chassis, the 4-250A tube is seen 
near the front of the chassis. Note that its socket 
is mounted on 1%-inch sleeves. Holes 2¢ inch in 
diameter are drilled in the chassis directly under- 
neath those provided in the socket for the passage 
of cooling air. Holes are also drilled adjacent to 
the cathode, grid, and screen pins to pass 
their leads. Bypassing of cathode and 
screen is done above the chassis. The heat 
radiating plate connector for the 4-250A 
was cut down to four fins to reduce the 
over-all height requirement. The fila- 
ment transformer, 7'3, and the screen 
modulation choke, L4, are also topside. 

The amplifier pla‘e circuit components 
are to the left of the tube. The tuning 
capacitor, C7, originally a neutralizing 
capacitor, is mounted on the side wall of 
the shielding assembly. Two modifica- 
tions should be made to the neutralizing 
unit before mounting. The circular plates 
supplied should be replaced with larger 
ones, 3 inches in diameter, to increase 
the available tuning range. The bearing 
assembly of the rotor disk must be 
temporarily removed, and a strap of 
copper run between the screw holding 
the bearing in place and the opposite 

grounded) end of the square ceramic 


Fig. 17-5—Bottom view of the 50- 
Mc. exciter, showing band-pass cir- 
cuits and TVI protective measures. 


insulating pillar, grounding the capacitor rotor. 
Two copper straps must be inserted between the 
stator disk and its insulator, to connect the stator 
with the blocking capacitor, C5, and with Ls. 
The blocking capacitor, the shunt-feed rf. 
choke, RI’'C2, and the high-voltage bypass, Ce, 
are assembled into one unit before mounting in 
the amplifier. This is done with the aid of the 
hardware supplied with the TV-type high voltage 
capacitors. The bypass capacitor, on the bottom 
of the stack, is equipped with one terminal 
threaded and one tapped. The latter is on the 
bottom end, for fastening the assembly to the 
chassis. The threaded terminal screws into the 
21'5-inch ceramic insulator upon which RFC is 
wound. The ends of the choke winding are 
secured by lugs at each end of the insulator. C5 
should be fitted with a threaded terminal at the 


lower end for screwing into the top of the insu- 


lator. This also serves to fasten the 34-inch wide 
strip of copper which runs up to the 4—250A 
plate cap. Finally, the longer of the two copper 
strips coming from the stator of C7 is screwed to 
the top of C5. A 14-inch feedthrough bushing 
brings the high-voltage up to the hot side of 
Cs. The loading capacitor, Cg, is mounted on 
the chassis directly underneath C7. The plate 
coil, 43, gets rather warm when the rig is oper- 
ated at high power level, so both of its ends 
must be bolted in place rather than soldered. 
One end is bent around and fastened under a 


Fig. 17-6—Interior of the 

50-Mc. final amplifier. Plate 

tuning capacitor is modified 
neutralizing unit, left. 


nut provided on the stator of Cs. The other 
is bolted to the short length of copper strap 
previously fastened to the stator of C7. A length 
of RG-8/U coaxial cable is run between Cs and 
J». At the capacitor end, this cable is connected 
to lugs under the stator and frame mounting 
screws. 

Solid sheet aluminum is used for the enclosure 
of this unit, as it must be reasonably airtight ex- 
cept for holes directly above the tube itself. The 
side that supports C7 must be of fairly heavy 
stock for rigidity. Home-bent 34-inch angle stock 
was used to hold the assembly together. If the 
over-all height of the unit is kept to just about 
that of the 1014-inch rack panel, there will be 
enough clearance above the tube plate connector. 

Most of the under-chassis components are 
visible in the bottom view. The grid circuit is near 
the front edge of the chassis. Copper strap con- 
nects the tube socket grid pin with the stator of 
C. Le then is soldered between this strap and a 
tie point. LZ is slid inside the cold end of Le, and 
cemented lightly in place. 

The cooling fan sucks air in from the side of 
the amplifier near the back corner. The motor is 
mounted on an aluminum bracket. The fan as 
supplied will blow, rather than suck, so the 
blades must be bent back to reverse their pitch. 
A small piece of aluminum window screening 
shields the hole cut in the chassis side for the fan. 

Bias supply components occupy the lower left 
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quarter of the bottom view. Layout and wiring 
of this portion of the rig is anything but critical. 
Shielded wire was used for all power leads. By- 
passing at the power connector should be done 
with very short leads, and Cy4 should be mounted 
as close as possible to the high-voltage connector. 


Adjustment and Operation 


An initial setting of the exciter controls can be 
made before power is applied, if a grid-dip meter 
is available. The series traps, L1C, and L4C4, 
introduce varying amounts of reactance across 
the tuned circuits when they are adjusted, so 
some further adjustment will be needed after 
these are set up finally, but the following proce- 
dure will result in a close approximation. 

Disconnect one end of L3, Fig. 17-4. Couple the 
grid-dip meter to Ly and tune it with C2 to about 
24.5 Mc. Leaving the setting of Co at that posi- 
tion, lift one end of Ly. Reconnect L3 and resonate 
C3L3 to about 25.5 Me. Reconnect Le, and the 
circuits should be set for operation on 48 to 52 
Me. For 50 to 54 Mce., the frequencies should be 
25.5 and 26.5 Me. 

Procedure for the second band-pass circuit is 
similar except for the frequencies involved. For 
48 to 52 Mc., disconnect L7 and tune C5Ls5 to 49 
Me. Reconnect L7 and disconnect Ls, tuning 
L7C,5 to 51 Me. Reconnect Ls. For the 50- to 
54-Mc. range these frequencies would be about 
51 and 53 Me. 
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Fig. 17-7—Schematic diagram and parts list for the 4-250A amplifier. All capacitors marked .001 yf. are 600-volf 
disk ceramic. 


Ci:—50-yuyf. miniature variable (Hammarlund HF-50). 

Co—15-uuf. miniature variable, double-spaced (Ham- 
marlund_HF-15X). 

C3, C4, Cis —.001-uf. 1000-volt disk ceramic. 

Cs, Coe, Cisa—500-uuf. 20,000-volt ceramic (Cornell- 
Dubilier MM120TS). 

C;—Disk-type capacitor with 3-inch diam. plates (made 
from Millen 15011). 

Cs—250-upf. variable, double-spaced (Johnson 250-F20). 

Co, Cio, C11, Ciz2—12-uf. 250-volt electrolytic. 

Ji, Jz—Coaxial chassis fitting (Amphenol 83-1R). 

J3—Closed-circuit phone jack. 

CR;—65-ma. selenium rectifier (Federal 1002A). 

CR2—20-ma. selenium rectifier (Federal 1159). 

Li—5 turns No. 24, Y2-inch diam., 32 t.p.i. (B & W Mini- 
ductor No. 3004). 

ls—4 turns No. 18, %-inch diam., 8 t.p.i. (B & W Mini- 
ductor No. 3010). 

Connect a source of 6.3 volts a.c. at 2.5 amperes 
or more between the ground and heater termi- 
nals, and a low-range meter from the doubler 
grid return terminal to ground. Insert crystals 
for the desired frequency range. Apply about 200 
volts d.c. to the oscillator plate-screen terminal 
through a 50- or 100-ma. meter. Current should 
be 20 to 30 ma., and grid current in the following 
stage should be about 0.5 ma., when the voltage 
is increased to the normal 300 volts. Touch up 
the tuning of the band-pass circuit, if necessary, 
to get uniform response across the desired range. 

The trap circuits can be adjusted at this point, 
tuning for minimum signal at the frequency to 
be attenuated in each case. A receiver tuning to 
the harmonic frequencies is helpful. These will be 
about 18 to 20.25 Me. for the first trap and 56 
to 60 Mc. for the second, if they are for Channel 2. 
A TV receiver on the channels to be protected 
may also be used, merely tuning the traps for 
minimum TVI. Some slight readjustment of the 


L3—6 turns No. 12 tinned wire, 1-inch diam., spaced twice 
wire diam. 

La—Filter choke, about 10-hy. 100-ma. (Triad C-10X). 

B:—Blower motor and fan (Allied cat. No. 72P715). 

Ri; — 20,000 ohms 10 watts. 

R2—500 ohms 2 watts (2 1000-ohm 1-watt resistors in 
parallel). 

RFC,, RFC3—7-yh. solenoid choke (Ohmite Z-50). 

RFC2—Solenoid choke, 42 turns No. 24 d.c.c. close- 
wound on 42-inch diam., 22-inch long insulator 
(National GS-2). 

$1, Ss—Single-pole single-throw toggle switch. 

T: —Power transformer, 135 volts at 50 ma. (Triad R-30X). 

T2—Filament transformer, 6.3 volts at 3 amp. (Triad 
F-1 6X). 

T3—Filament transformer, 5.2 volts c.t. at 15 am. (Triad 
F-11U). 

band-pass circuit may be needed after the final 

trap tuning is done. 

Now remove the grid current meter and ground 
the metering terminal in the doubler grid circuit. 
Connect a meter (0 to 5 ma. or more) between 
the terminals provided for measuring the 6146 
grid current. Set the screen potentiometer, fj, to 
about the middle of its range and apply about 
200 volts to the doubler plate-screen input termi- 
nal. Adjust the band-pass circuit, L5Cs, L7C¢5 for 
nearly uniform response across the desired range, 
using the 6146 grid current as the output indica- 
tion. There should be at least 2 ma. across a 4-Mce. 
range when the doubler plate voltage is raised to 
300. Note that the screen potentiometer controls 
the input to the doubler, and through it the 
excitation to the 6146. 

The 48-Mce. output coupling adjustment, LeCz, 
may be checked at this time. The line to a 144- 
Me. tripler stage should be connected to Jz, and 
the series capacitor, C7, adjusted for maximum 
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grid current in the driven stage. Recheck the ad- 
justment of the band-pass circuit after this is done. 

The 6146 amplifier stage had to be neutralized 
for stable operation. Its adjustment was not crit- 
ical, however, and Cs could be set anywhere near 
minimum capacitance with good results. Start 
out with its plates meshed about 4% inch. With 
grid drive applied but no plate or screen voltage, 
tune the 6146 plate circuit through resonance, 
trying various settings of Cg until there is no 
grid current dip at resonance. 

A load for the 6146 output circuit is now re- 
quired. This can be a 40- or 60-watt lamp, with 
a 50-uuf. capacitor in series to tune out its react- 
ance. Adjust it for minimum reflected power, as 
indicated on an s.w.r. bridge. With the load con- 
nected and grid drive on, apply 300 to 400 volts 
to the amplifier plate and screen terminal. Tune 
Cio for maximum indicated output. Loading can 
be adjusted by varying Cy, retuning Co after 
each movement of Ch. 

Recheck for neutralization at this point, work- 
ing for a setting of Cg at which minimum plate 
current, Maximum grid current, and maximum 
output all occur at the same setting of the plate 
tuning capacitor, Cjo. The input can be run up to 
about 65 watts with plate modulation and 35-40 
watts output should be obtained. Higher input 
can be run on c.w. Plate voltage should not ex- 
ceed about 400 with plate modulation, though it 
can be somewhat more for c.w. 

Now make a final check on the trap circuits, 
if necessary. In case TVI is experienced, adjust 
the traps while someone watches the TV screen, 
and see whether any improvement is possible. 
Remember that the traps shown were designed 
primarily to reduce Channel 2 interference. 
Where the trouble is with other channels, the 
traps can be modified to reduce the offending 
harmonic as required. A low-pass filter or a 4th 
harmonic trap will be needed if there is harmonic 
interference in Channels 11-13. 

The amplifier as shown furnishes heater voltage 
and protective bias for the exciter. Hook together 
the 6.3-volt and ground terminals of the two 
units, and connect the bias output pin on the 
amplifier to the 6146 grid return in the exciter. 


Fig. 17-8 —Bottom view of 50-Mc. ex- 

citer and amplifier. Note that the two 

units are built separately, though they 

mount together on a single panel. 

Amplifier unit includes bias and fila- 
ment supplies for both. 
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Apply 115 volts a.c. to the appropriate pins on 
the amplifier power plug. When Sj, Fig. 17-7, 
is closed, the exciter heaters and the bias supplies 
are energized. The bias voltages are about 50 and 
150 negative for the driver and amplifier, respec- 
tively. Closing Se lights the amplifier filament 
and starts the fan motor. 

For the initial testing of the amplifier discon- 
nect its fixed bias supply, by lifting the connec- 
tion between AR, and Re, so that instability will 
be more evident. Connect the output of the 
exciter through a length of coaxial cable to J. 
Hook a 0-25- or 0-50-ma. meter to the terminals 
provided for measuring grid current. Turn on the 
exciter and adjust the driver output and amplifier 
input for maximum grid current. Set this current 
between 10 and 15 ma. with the excitation con- 
trol, Ry, in the exciter. To insure proper adjust- 
ment of the amplifier grid circuit, insert an s.w.r. 
bridge unit such as a Micromatch in the coax 
connecting the driver and amplifier, and tune Cy 
and C», in the amplifier alternately for minimum 
reflected power. Adjust the driver tuning for 
maximum forward power. 

Never apply screen voltage without having the 
plate voltage on also, and do not operate the 
amplifier without load. Hither will result in ex- 
cessive screen dissipation, and almost certain tube 
failure if continued for any length of time. A 
usable dummy load for testing can be made by 
connecting two or more 100-watt lamps in 
parallel. A variable series capacitor, 50 yyf. or 
more, will be helpful in making the lamp load 
something like 50 ohms, resistive, at this fre- 
quency. 

It is well to start with something less than 
maximum voltages in testing. If the plate voltage 
is under 1000 and the screen voltage about 200 to 
300 volts, little harm can result if something is 
not quite right. With the dummy load connected, 
apply plate and screen voltages. Set Cs near the 
middle of its range and tune C7 for maximum out- 
put. If this occurs at or close to the end of the 
tuning range of C7, adjust the spacing of the turns 
in the plate coil accordingly. Adjust Cs for maxi- 
mum output, returning C7 as required. If the 
grid current dropped below 10 ma. under load, 
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increase the drive with the doubler screen po- 
tentiometer in the exciter. 

Check now for stability. Briefly cut off the 
drive and see if the amplifier grid current drops 
to zero. If it doesn’t, the amplifier either needs 
neutralization, or it has a parasitic oscillation. If 
no grid current shows with drive removed, note 
whether, when drive is applied and the amplifier 
is tuned properly, maximum output, minimum 


plate current and maximum grid current all occur” 


at the same plate tuning. If they do, the amplifier 
is operating satisfactorily. 

If oscillation does show up, check its fre- 
quency. If it is much higher than the operating 
frequency (probably over 150 Mc.) v.h.f. para- 
sitic suppression measures are in order. If it is 
in the 50-Me. region, neutralization will be re- 
quired. These troubles are most common in 
multiband designs, and unlikely in a layout of 
this sort. Neutralization of the capacity-bridge 
type, like that in the exciter, can be incorporated 
readily, and parasitic suppression is covered in 
detail elsewhere in this Handbook. Neutralization 
may require additional grid-plate capacitance in 
some layouts. Provision was made for neutraliza- 
tion in the original layout (explaining the plugged 
hole in the front panel), but it was found to be 
unnecessary. 

When the amplifier is operating stably, the 
plate and screen voltages may be increased in 
accordance with the tube manufacturer’s ratings, 
for the type of operation intended. Operating 
conditions are different for the three tubes which 
can be used and they should follow the manu- 
facturer’s recommendations. This is not to say 
that variations from the published data are un- 
safe or undesirable. Any of the values can be 
varied over quite a range if the maximum rating 
for each tube element concerned is not exceeded. 
In this connection, it is highly desirable to pro- 
vide continuous metering for the grid, screen, and 
plate currents. This, with a knowledge of the 
applied voltages, will help insure proper operation 
and make correct adjustment a simple matter. 
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The unit shown in Figs. 17-9 through 17-14 
is a three-stage tripler-driver-amplifier that may 
be used with the exciter just described. Driving 
power at 48 Mc. may be taken from the doubler 
stage (by connecting to J in Fig. 17-4) or from 
the output stage, running at low power. Almost 
any 50-Mc. transmitter of 3 to 5 watts output 
could be used by substituting a suitable crystal 
and retuning the stages for operation at 48 to 
49.3 Mc. If a small 144-Mc. transmitter is avail- 
able, the tripler stage may be dispensed with, in 
which case about 5 watts drive on 144 Mc. is re- 
quired. 

This section of the station is built in two parts. 
The tripler and driver stages are in the small 
portion at the right of Fig. 17-9, with the final 
stage at the left. All are push-pull stages, the 
tripler and driver using dual tetrodes. The tripler 
is an Amperex 6360, followed by an RCA 6524 
straight-through amplifier. This drives a pair of 
4-125<As in the final stage. 

Input to the 4-125As can be up to 600 watts 
on a.m. phone, or 800 watts on ec.w. or f.m. By 
sultable adjustment of screen and plate voltages 
the power can be dropped as low as 150 watts in- 
put and still maintain good efficiency. Some 
means of reducing power is highly desirable, as 
most operation on 144 Me. can be carried on satis- 
factorily with low power. 


The Driver Portion 


The tripler and driver stages, Figs. 17-11 and 
17-12, both operate well below their maximum 
ratings. Self-tuned grid circuits are used in each 
stage. This simplifies construction, and in the 
case of the driver stage, reduces the possibility 
of self-oscillation. With a surplus of drive avail- 
able, the grid circuit of the 6524 may be resonated 
as low as 130 Me. There is little tendency. to 
tuned-plate tuned-grid oscillation, therefor, and 
neutralization is not required. 

Tripler and driver are built on a standard 
5 X 10 X 3-inch aluminum chas- 
sis, with the tripler at the back. 
Its plate circuit is tuned from the 
front panel by an extension shaft. 
Omission of the screen bypass 
on the tripler is intentional as 
the stage works satisfactorily 
without screen bypassing. 

The 6524 is easily over driven. 
This may be corrected by squeez- 
ing the driver grid coil turns 


Fig. 17-9—The high-power 2-meter 

rig, with shielding enclosures in place. 

The small unit at the right houses the 
tripler and driver stages. 
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closer together, lowering the resonant frequency 
until the desired 2.5 to 3.5 ma. is obtained across 
the band. The farther it can be resonated below 
144 Me. the less likelihood there is of self-oscilla- 
tion in the driver stage. 

The 6524 is mounted horizontally, and holes 
are drilled in the chassis under the tube to allow 
for air circulation. Plate leads are made of thin 
phosphor bronze or copper, bent into a semicircle, 
connecting the butterfly capacitor and the heat- 
dissipating connectors. This allows the latter 
to be removed for changing tubes, without put- 
ting undue strain on the plate pins. The connec- 
tors have to be sawed or filed down on the insides 
to fit on the 6524 pins. The coupling link at the 
driver plate circuit is tuned, to provide efficient 
transfer of energy to the amplifier grids. 

Small feedthrough bypasses are used in the 
driver screen circuit. Cs is mounted in the alumi- 
num plate that supports the 6524 socket, and Cg 
is in the chassis surface. 


Amplifier Features 


Design of the 4-125A grid circuit is important 
in achieving efficient transfer of energy from the 
driver stage. The input capacitance of the large 
tetrodes is so high that a tuned grid circuit of 
conventional design cannot be used at 144 Me., 
so a half-wave line is substituted, as shown in 
Figs. 17-13 and 17-14. The input coupling link 
is series tuned, permitting adjustment for mini- 
mum standing wave ratio on the coaxial line 
connecting it to the driver stage output link. The 
grid line, L;L2, is made of 14-inch copper tubing, 
to reduce heat losses. 

Maintaining the 4-125A screens and filament 
leads at ground potential for r.f. is necessary for 
stability. To this end, the tube sockets are 
mounted above the chassis, rather than below. 
They are elevated only enough to allow the 
socket contacts to clear the chassis, and are 
mounted corner to corner, with the inner corners 
almost touching. The grid line is brought up 
through 1%-inch chassis holes and soldered di- 
rectly to the grid contacts. This determines the 
line spacing, about 114-inches center to center. 
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The inner filament terminals on each socket 
are grounded to the chassis. The others connect 
to feedthrough bypasses with the shortest 
possible leads. These are joined under the chassis 
with a shielded wire and tied to the filament 
transformer. The r.f. chokes in the screen leads 
are under the chassis, their wire leads coming up 
through Millen type 32150 feedthrough bush- 
ings inserted in chassis holes under the screen 
terminals. The two screen terminals on each 
socket are strapped together with a 3%-inch 
wide strip of flashing copper. The screen neu- 
tralizing capacitor is mounted as close to the 
sockets as possible and still leave room for the 
shaft coupling on its rotor. Leads to its stators 
are about one half inch long. 

More compact and symmetrical design is 
possible if a modified single-section capacitor 
is used for Cs. It should be the type having 
supports at both ends of the rotor shaft. The 
Millen 19140 and Hammarlund MC-140 are 
suitable units for the purpose. The stator bars 
are sawed at each side of the center stator plate. 
The front rotor plate is removed, making a 
split-stator variable with 4 plates on each stator 
and 8 on the rotor. This procedure may not be 
applicable to all 140-uuf. capacitors, but any 
method that results in a balanced unit having 
about 50 uwuf. per section should do. 

Construction of the final plate circuit should 
be clear from Fig. 17-10. Tuning is done with 
parts of a disk-type neutralizing capacitor (Mil- 
len 15011) mounted on ceramic stand-offs 3% 
inches high. These are made of one 1-inch 
and one 2'%-inch stand off each, fastened to- 
gether with a threaded insert. Connection to 
the lines is made with copper or silver strap, 
41% inches from the plate end. Silver plating of 
all tank circuit parts is a worth-while investment, 
though it should not be considered a necessity. 
A shaft coupling designed for high-voltage service 
is attached to the threaded shaft of the movable 
plate, and this is rotated with a shaft of insulating 
material brought out to the front panel. 

A word about the extension shafts is in order 
at this point. If they are of metal they may 
have a serious detuning effect 
in some circuits, even though 
they are connected through in- 
sulating couplings. Bakelite rod 
is fine, but since the insulat- 
ing qualities are of no impor- 
tance, 44-inch wooden doweling 
will do the job just as well. 
Lucite or polystyrene rod will 


Fig. 17-10—Rear view of the 4-125A 
final stage. The split-stator capacitor 
near the middle of the picture is the 
screen neutralizing adjustment. The 
plate line is tuned with a capacitor 
made from parts of a neutralizing unit, 
mounted on ceramic stand offs. 
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Fig. 17-11—Schematic diagram of the tripler and driver stages of the high-powered 2-meter transmitter. 


Ci, Co—10.5 yyuf.-per-section butterfly variable (Johnson 
10LB15). 

C3—25-pyuf. screwdriver-adjustment variable (Hammar- 
lund APC-25). 

C4—25-yuf. miniature variable (Bud LC-1642). 

Cs, Sona feed-through bypass (Centralab FT- 
500). 

Ri— 11,000 ohms 2 watts (two 22,000-ohm 1-watt re- 
sistors in parallel.) 

R2—50,000 ohms 2 watts (two 100,000-ohm 1-watt re- 
sistors in parallel). 

Li—2 turn insulated wire around center of Lo. Twist leads 
to J; and C3. 

ls—13 turns No. 20, %-inch diam., %-inch long, center 
tapped (B & W Miniductor No. 3007). 


not stand the heat and should not be used. 

The final chassis is aluminum, 10 by 12 by 3 
inches, matching up with the driver chassis to 
fit into a standard 10!4-inch rack panel. Com- 
plete enclosure is a must for TVI prevention, 
and it pays dividends in improved stability by 
providing effective isolation of circuits that 
tend to give trouble in open layouts. 

The enclosures were made by mounting 14-inch 
aluminum angle stock around the edges of the 
chassis of both units and cutting the sides and 
covers to fit. It was not intended to cool the 
driver unit originally, so the en- 
closure was made of perforated 
aluminum. The blower for the 
final provided plenty of air, how- 
ever, so three holes are made 


Fig. 17-12—Side view of the tripler 
and driver stages. Coil adjacent to the 
6360 tripler tube is the grid coil for 
the 6524 driver. Plate leads for the 
driver tube are flexible copper straps, 
to permit removal of the tube from its 
socket. Screwdriver adjustment at the 
lower right is the reactance tuning 
capacitor for the tripler input link. 


L3—3 turns No. 14 enamel, 34-inch diam., spaced Me inch 
center-tapped. 

La—2 turns No. 18 enamel, same as L3, inserted at center, 

Ls—2 turns No. 18 enamel, same as L¢, inserted at center, 

Le—4 turns No. 14 enamel, Y2-inch diam., turns spaced 
wire diameter. 

L7—2 turns No. 14 enamel, 1-inch diam., spaced % inch. 

Ls—1 turn No. 14 enamel between turns of L7. 

Ji, Ja—Coaxial fitting, female (Amphenol 83-1R). 

Jz, Ja, Js—Closed-circuit jack. Insulate Js from panel and 
chassis. 

MAi—External meter not shown in photo, 200 ma. 

Si—Toggle switch. 

T:—Filament transformer, 6.3 volts, 3 amp. (UTC S-55). 


in the walls of the two chassis to allow some of 
the air flow to go through the driver enclosure 
as well. The chassis are bolted together where 
the vent holes are drilled. The main flow is 
up through the amplifier chassis, around the 
4-125As, and out through the 14-inch holes 
drilled in the top cover above the tubes. Holes in 
the amplifier chassis are drilled to line up with 
the ventilating holes in the 4-125A sockets. All 
other holes and cracks are sealed with household 
cement to confine the air to the desired paths, 
and bottom covers are fitted tightly to both units. 


LSE Be 


The somewhat random appearance of the 
front panel is the result of the development of 
the unit in experimental form. A slight rear- 
rangement of some of the noncritical com- 
ponents could be made to achieve a symmetrical 
panel layout readily enough. 


Operation 


The two units have their own filament trans- 
formers. Plate supply requirements are 300 volts 
at 50 ma. for the tripler, 400 volts at 100 ma. 
for the driver, 300 to 400 volts at 75 ma. for the 
final screens and 1000 to 2500 volts at 400 ma. 
for the final plates. The driver plates and final 
screens may be run from the same supply, but 
more flexibility is possible if they are supplied 
separately. A variable-voltage supply for the final 
screens is a fine way to control the power level. 

In putting the rig on the air the stages are 
fired up separately, beginning with the tripler. 
A jack (J3, in Fig. 17-11) is provided on the front 
panel for measuring the 6360 grid current. About 
1 ma. through the 150,000-ohm grid resistor is 
plenty of drive. The series capacitor, C3, in the 
link can be used as a drive adjustment, if more 
than necessary is available. 
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Next plug the grid meter into the 6524 grid 
current jack, J4, and tune the 6360 plate circuit 
for maximum grid current. If it is higher than 3 
to 4 ma. increase the inductance of the grid coil, 
Le, by squeezing its turns closer together. Now 
apply plate and screen voltage to the 6524, and 
check for signs of self-oscillation. If the plate cir- 
cuit is tuned down to the same frequency as that 
at which the grid coil resonates with the tube 
capacitance, the stage may oscillate, but if it is 
stable across the intended tuning range there 
should be no operating difficulty resulting from a 
tendency to oscillate lower in frequency, and no 
neutralization should be needed. 

Connect a coaxial line between the driver 
output and the final grid input preferably with 
a standing-wave bridge connected to indicate 
the standing-wave ratio on this line. Tune the 
driver plate circuit and its series-tuned link for 
maximum grid current in the final amplifier. Ad- 
just the final grid tuning, Cy, for maximum grid 
current, and the series capacitor, C3, in the link 
for minimum reflected power on thes.w.r. bridge. 
Adjust the coupling loop position for maximum 
transfer of power, using the least coupling that 
will achieve this end. 
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Fig. 17-13—Schematic diagram of the 4-125A amplifier for 144 Mc. 


C:—30-ypf.-per-section split-stator variable (Hammar- 
lund HFD-30X). 

Co—Plate tuning capacitor made from Millen 15011 
neutralizing unit; see text and photo. 

C3—25-uyf. miniature variable (Bud LC-1642). 

C4,Cs—500-uyft. feedthrough bypass (Centralab FT-500). 

Ce—Approx. 50-yuf.-per-section split-stator variable. 
Make from Millen 19140 or Hammarlund MC- 
140; see text. 

C7—25-ppf. variable (Johnson 25L15). 

Cs—0.25-f. tubular. 

R;—5000 ohms, 10 watts. 

Li, Lk—'%4-inch copper tubing, 12 inches long, spaced 1/2 
inches center to center. Bend around 12-inch 
radius, | inch from grid end. 

Ls—Loop made from 5 inches No. 14 enamel. Portion 
coupled to line is 1 inch long each side, about 
¥e inch from line. 
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L4, ls—Y2-inch copper tubing 12 inches long, spaced 114 
inches center to center. Bend around 2-inch radius 
to make line 4 inches high. Attach C2 42 inches 
from plate end. 

Ls—Loop made from 7 inches No. 14 enamel. Sides spaced 
1% inches. 

L7—5-h. (min.) 100-ma. rating filter choke. 

Ji, Jz—Coaxial fitting, female (Amphenol 83-1R). 

MAi, MAz, MA3—External meters, not shown; 100, 200 
and 500 ma. 

M—Motor-blower assembly, 17 c.f.m. (Ripley Inc., Middle- 
town, Conn., Type 8433). 

RFC—V.h.f. solenoid choke (Ohmite Z-144). Four required. 

Si—Toggle switch. 

S2—Rotary jack-type switch (Mallory 720). 

T: — Filament transformer, 5-volt 13-amp. (Chicago 
FO-513). 


144-Mc. Amplifier 


Adjust the screen neutralizing capacitor, Ce, 
for maximum final grid current, with the plate and 
screen voltages off. Do not attempt to run the 
final stage without load. With a fixed screen 
supply the screen dissipation goes very high 
when the plate load is removed or made too light. 
It is important to meter the screen current at 
all times. With 4-125As danger to the plates 
can be detected by their color, but the screen 
current is the only indication of possible damage 
to that element. 

There is no suitable inexpensive dummy load 
for testing a v.h.f. rig of this power level. The 
best load is probably an antenna. This can be an 
indoor gamma-matched dipole, fed with coax. 
Its series capacitor should be adjusted for a 
standing-wave ratio close to 1:1. The Micro- 
match can be used in this operation, but adjust- 
ments should be made at less than full power. 
Watch for any sign of heating in the bridge unit. 

The position of the coupling loop, Lg, should 
be adjusted for maximum transfer of energy to 
the antenna, keeping the coupling as loose as 
possible. The series capacitor, C7, can be used 
as a loading adjustment thereafter. If the screen 
voltage is continuously variable it will be found 
that there is an optimum value around 325 to 
350 volts. 

Below are some conditions under which the 
rig has been operated experimentally: 


Stage Ep Ip Ese Tsc Tg 

Tripler 300 v. 35 ma. == = 1.5 ma. 
Driver 400 v. 92 ma. — 8 ma. 3-4 ma. 
Final 1000 v. 300 ma. 400 v. 60 ma. 22 ma. 
Final 2000 v. 350 ma. 350 v. 45 ma. 20 ma. 
Final 2500 v. 400 ma. 320 v. 40 ma. 18 ma 


The first and third conditions given for the 
final stage represent extremes, both exceeding 
the tubes’ ratings in some way, so they are not 
recommended. At low plate voltages the screen 
has to be run above recommended ratings to 
make the tubes draw their full rated plate current 
and operate efficiently. At high plate voltages 
the screen dissipation drops markedly. The use 
of 4-125As at a full kilowatt. input exceeds the 
manufacturer’s maximum ratings, and is done at 


Fig. 17-14—Under-chassis view of the 
2-meter transmitter. Tripler grid and 
plate circuits are at the upper left. 
Only two of the three jacks on the front 
panel show in the lower left. The half- 
wave line used in the 4-125A grid 
circuit is the main item of interest in the 
amplifier section. Both units are fitted 
with bottom covers, to provide shield- 
ing and confine the flow of cooling air 
to the desired areas. 


the user’s risk. To operate safely, the maxi- 
mum plate voltage for voice work at 144 Me. 
should probably not go over 2000. At this level 
the tubes will handle 600 watts input on voice, 
and 750 watts on ¢.w. easily. 


Modulation and Keying 


Keying is done in the screen circuit of the 
driver stage, and in the screen and plate circuits 
of the tripler. Cathode keying of the driver 
was attempted, but it caused instability trou- 
bles, so was abandoned. The screen method 
makes the key hot, so an insulated key or a 
keying relay must be used in the interest of safety. 
The keying jack must be insulated from the panel. 

Fixed bias for the final amplifier is provided 
by the VR-tube method. When the tube ignites 
at the application of drive, the capacitor Cs 
charges. Removing excitation stops the flow 
through the VR tube and leaves the negative 
charge in the capacitor applied to the amplifier 
grids. The effectiveness of this system requires a 
low-leakage capacitor for C's. 

Modulation is applied to the plates only. A 
choke of about 10 henrys is connected in the 
screen lead, or the modulation can be supplied - 
through a screen winding on the modulation 
transformer. The bypass value in the screen cir- 
cuit should be low enough to avoid affecting the 
higher audio frequencies. Occasionally audio res- 
onance in the screen choke may cause a singing 
effect on the modulation. If this develops, the 
choke may be shunted with a resistor. Use the 
highest value that will stop the singing. 

In neutralizing the 4-125As it may be found 
that what appears to be the best setting of the 
screen capacitor will result in a very large drop 
in grid current when plate voltage is applied. 
The setting may be altered slightly, raising the 
full-load grid current, without adversely affecting 
the stability of the amplifier. The final check for 
neutralization is twofold. There should be no 
oscillation when drive is removed; and maximum 
grid current, minimum plate current and maxi- 
mum output should all show at one setting of 
the plate tuning capacitor. The latter condition 
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Fig. 17-15—Antenna couplers for 50 and 144 Mc. designed for use with the high-power transmitters 
on the previous pages. 


may be observed only when the amplifier is 
operated without fixed bias. 


@ ANTENNA COUPLERS FOR 
50 AND 144 MC. 


The antenna couplers shown in Figs. 17-15, 
and at the top of Fig. 17-1, can be used with 52- 
ohm or 75-ohm coaxial line, and with balanced 
lines of any impedance from 200 to 600 ohms or 
more. They were designed for use with the high- 
power transmitters described previously, but may 
be used at any power level. 


Construction 


The two couplers are identical circuitwise. 
They are built inside a standard 3 by 4 by 17-inch 
aluminum chassis, with a bottom plate to com- 
plate the shielding. The panel is 3/4 inches high. 
If only one coupler is required, a 3 by 4 by 6-inch 
utility box can be used. Terminals on the back 
of the chassis include a coaxial input fitting and 
a two-post output fitting for each coupler. The 
circuit diagram, Fig. 17-16, serves for both. 

The 50-Me. coils are cut from commercially 
available stock, though they can be made by hand 
if desired. The coupling winding, 1, is inserted 
inside the tuned circuit. The polyethylene strips 
on which the coils are wound keep the two coils 
from making electrical contact, so no support 
other than the wire leads is needed. 

Leads to ZL, are brought out between the turns 
of Le, and are insulated from them by two sleeves 
of spaghetti, one inside the other. Do not use the 
soft vinyl type of sleeving, as it will melt too 
readily if, through an accident to the antenna 
system, the coil should run hot. In the 144-Mce. 
coupler the positions of the coils are reversed, 
with the tuned circuit, Le, at the center, and the 
coupling coil outside it. 

Similar tuning capacitors are used in both 
couplers, but some of the plates are removed 
from the one in the 144-Me. circuit. This pro- 
vides easier tuning, though it has little effect on 
the minimum capacitance, and therefor on the 
size of the coil. 
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Adjusting the Couplers 


An antenna coupler can be adjusted properly 
only if some form of standing-wave bridge is 
connected in the line between the transmitter 
and the coupler. If it is a power-indicating type, 
so much the better, as it then can be used for 
adjusting the transmitter loading, and the work 
can be done at normal transmitter power. 

With the bridge set to read forward power, 
adjust the coupler capacitors and the transmitter 
tuning roughly for maximum indication. Now set 
the bridge to read reflected power, and adjust 
the antenna coupler capacitors, first one and then 
the other, until minimum reflected power is 
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Fig. 17-16—Circuit and parts information for the v.h.f. 
antenna couplers. 


C:—100-uyuf. variable for 50 Mc., 50-uuf. for 144 Mc. 
(Hammarlund MC-100 and MC-50). 
Co—35-uuf. per-section split-stator variable, 0.07-inch 
spacing (Hammarlund MCD-35SX). Reduce to 
4 stator and 4 rotor plates in each section in 
144-Mc. coupler for easier tuning; see text. 
Ji —Coaxial fitting, female. 
Jz—Two-post terminal assembly (National FWH). 
Li1—50 Mc.: 4 turns No. 18 tinned, 1 inch diameter, Ye-inch 
spacing (Air-Dux No. 8087). 
114 Mc.: 2 turns No. 14 enam., 1 inch diameter, Ye- 
inch spacing. Slip over L2 before mounting. 
l2—50 Mc.: 7 turns No. 14 tinned, 12 inch diameter, % 
inch spacing (Air Dux No. 1204). Tap 1% turns 
from each end. 
144 Mc.: 5 turns No. 12 tinned, Y2 inch diameter, 7% 
inch long. Tap 12 turns from each end. 


achieved. Unless the line input impedance is very 
highly reactive, it should be possible to get the 
reflected power down to zero, or very close to it. 
Adjustment of the coupler is now complete. 
Tuning for maximum transfer of power from the 
transmitter is done entirely at the transmitter. 


Simple Transmitters 


~ 


Simple Transmitters for 50 and 144 Mc. 


The two transmitters shown in Fig. 17-17 are 
designed to fill several needs. They can be used 
as complete r.f. sections for 50 and 144 Mc., or 
they serve well as exciters for higher-powered 
amplifiers. Depending on the final amplifier tubes 
chosen, the power level can be anything from 
under 10 to as much as 50 watts input. At low 
power they are well suited to mobile and portable 
applications. Provision is included for c.w. opera- 
tion. Modulation equipment for the transmitters 
can be found elsewhere in this Handbook. 

The designs are as similar as possible, mechani- 
cally and electrically, the tubes and many of the 
parts being interchangeable. They are built on 
standard 5 by 10 by 3-inch aluminum chassis, 
with shield covers of perforated aluminum over 
their output stages. These shields are an aid to 
TVI prevention, and they provide protection for 
the tuned circuits mounted topside. 

Circuitry 

Both transmitters employ third-overtone crys- 
tal oscillators of simple design. Crystals should 
be in the range between 8.34 and 9 Me. or 25 and 
27 Me. for 50-Mce. operation. For 144-Mc. work 
the crystals are 8 to 8.22 Mc. or 24- to 24.66 Mc. 
If the feedback in the oscillator circuit is adjusted 
to make conventional 8-Mce. crystals oscillate on 
their third overtone, crystals in the 24-to 27-Mc. 
range will also work. If only the latter (third 
overtone) type crystals are used, the feedback can 
be set at a lower level. This is controlled by the 
position of the tap on the coil, Z;. Crystals in the 
8-Mc. range that multiply out close to a band 
edge should be checked carefully under actual 
operating conditions in the equipment, as the 
oscillation frequency may not be exactly three 
times that marked on the holder. 

The oscillator is the triode portion of a 6U8 
triode-pentode. The pentode section is a fre- 
quency multiplier, doubling to 50 Mc. in the 


Fig. 17-17—Transmitters for 
50 (right) and 144 Mc. Designs 
are similar and many parts are 
interchangeable. Power ratings 
may be varied from under 10 to 
more than 50 watts input, de- 
pending on tube used in the 
output stage. 


6-meter transmitter and tripling to 72 Me. in the 
144-Me. one. The doubler section drives the out- 
put stage in the 50-Mce. rig. An extra stage is 
required to reach 144 Me. This is a 6BC4 triode 
used as a doubler from 72 to 144 Mc. The out- 
put stage is a 2E26, where the input power is to 
be under 25 watts. A 6146 may be used at higher 
power levels. There is substantially no difference 
in the driving power required by these tubes, and 
they can be interchanged with only slight read- 
justment of the tuned circuits. 

When the exciters are to drive an amplifier 
using an 829B or a 5894, the output tube should 
be a 2E26. The plate supply voltage need be no 
more than 300 volts, and as little as 200 may 
suffice. When the units are used alone the final 
plate voltage should be 300 for a 2E26, or 400 to 
500 for the 6146. If the latter tube is used in ex- 
citer service the output will be sufficient to drive 
tetrode amplifiers of up to 1 kilowatt input. 


Construction 


Arrangement of parts is not particularly criti- 
cal, though it would be well for the inexperienced 
constructor to follow the layouts shown closely in 
all principal details. Layout drawings, Figs. 17-21 
and 17-25 are provided for those who may wish 
to make exact duplicates. The dimensions given 
apply only when identical parts to those of the 
original are purchased. Check sockets, particu- 
larly, for mounting dimensions before following 
the layouts in complete detail. 

The shield covers of the two transmitters were 
made in slightly different ways, to illustrate 
differing techniques. The method used in the 
50-Me. unit may be the easier of the two for 
amateurs not well equipped with metal working 
tools. The front and back plates are 5 inches wide 
and 41% inches high. The bottom half inch of each 
plate overlaps the main chassis, and is fastened 
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to it with self-tapping screws. The cover is made 
of perforated aluminum, available in many hard- 
ware stores. This can be cut and bent with simple 
tools. The box thus made is 4 inches high, 5 inches 
wide and 5 inches deep. The perforated cover is 
made larger than these dimensions by about 34 
inch on all sides. The extra material is bent over 
so that the front and back plates can be fastened 
to it with self-tapping screws. 

In the 144-Me. transmitter the edges of the 
front and back plates are bent over, so that the 
cover need be only a plate bent into an inverted 
U. The enclosure is 4 by 4 by 5 inches in size. 
The bent-over edges of the front and back walls 
show plainly in the top view, Fig. 17-22. 


Building the 50-Mc. Transmitter 


Looking at the bottom view of the 50-Mc. 
transmitter, Fig. 17-19, we see the oscillator tun- 
ing capacitor, Cy, and the plate coil, Z1, at the 
right. Next to the left is the 6U8 socket. The 
doubler plate coil, Z2, and the amplifier grid coil, 
Lz, are between the tube sockets. Note that these 
coils are mounted side by side, with their axes 
vertical. Their position with respect to each other 
is adjusted for maximum grid drive, with the 
optimum spacing being about one coil diameter. 
The amplifier screen-dropping resistor (4 l-watt 
resistors in parallel) is just above the 2E26 socket. 
Jacks for cathode keying and grid-current meas- 
urement occupy the left side of the front wall, as 
seen in Fig. 17-19. 

Arrangement of parts inside the shield com- 
partment can be seen jn Fig. 17-18. The amplifier 
tube, a 6146 in this instance, is at the left side of 
the box. The plate tuning capacitor, C4, is near 
the middle of the front wall. The antenna loading 
‘sapacitor, C5, and the coaxial output fitting, J4, 
are on the rear wall. The power connector strip 
is centered on the rear wall of the chassis. Note 
the parasitic choke, 14, between the tube and the 
plate coil. This is wound on the resistor in parallel 
with it. The plate coil, 5, is mounted with its 
axis vertical. The output coupling coil, Le¢, is 
close against the bottom of Zs, and insulated from 
it by spaghetti sleeving. 
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The type of socket used for the amplifier tube 
is important. Do not use the common moulded 
socket with an elevated grounding ring having 
4 lugs spaced around its circumference. These 
lugs may introduce coupling between the circuits 
grounded or bypassed thereto, causing instability 
that cannot be neutralized out. A Millen ceramic 
socket was used in the original, but any type that 
does not have the separate grounding lugs and 
ring is suitable. Grounding should be done to 
lugs under the nuts used for mounting the socket. 
It is imperative that bypass capacitor connec- 
tions be made with virtually no leads at all, 
particularly in the amplifier circuits. Note that 
each cathode lead is bypassed separately. This is 
important where the cathode is keyed, as in this 
instance. 

The neutralizing capacitor, C3, 1s a type in- 
tended for mounting with one side grounded, so 
another mounting method must be provided in 
this application. A small tab of copper about 
3¢ by 1 inch in size supports the capacitor, the 
end of the tab being soldered to a lug on the 3-lug 
tie-point strip nearest the socket. The 150-yyf. 
bypass at the low end of Zz connects from that 
point to the ground lug at the middle of the 
terminal strip. The lead from the sleeve of (3 is 
a stiff wire that passes up through a %%-inch hole 
in the chassis to the lower stator terminal of the 
plate tuning capacitor, C4. The latter is mounted 
with its stator terminals one above the other. 


Adjustment and Operation 


For initial tests a power supply capable of 
delivering 200 to 300 volts d.c. at about 100 ma., 
and 6.3 volts a.c. or d.c. at 1.7 amperes may be 
used. (Only 1.25 amp. will be needed if a 2E26 is 
used.) The negative side of the plate supply and 
one side of the heater supply are connected to- 
gether. The oscillator is tested first. This is done 
by feeding plate power to the 4+700-ohm resistor 
in the oscillator plate lead only, disconnecting the 
doubler plate-screen lead temporarily. 

Apply heater voltage only, and allow the tubes 
to warm up for 30 seconds or more. Connect a100- 
milliampere meter in the lead to the plate sup- 


Fig. 17-18—Looking down inside the 
amplifier shield. The plate tuning ca- 
pacitor, Cs, is on the front wall, with the 
loading adjustment, Cs, on the rear 
wall. Parasitic suppressor and plate 
coil connect to top stator bar of C4. 
Black lead, lower left, runs through a 
rubber grommet to the neutralizing 
capacitor, below the chassis. 
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Fig. 17-19—Bottom view of the 50- 
Mc. transmitter. Note positions of the 
various coils, particularly those in the 
doubler plate and amplifier grid cir- 
cuits, near the middle of the assembly. 


ply, and apply power. Swing the oscillator tuning 
capacitor, C), through its range. There will be a 
sharp dip in current to about 10 ma. as the crystal 
starts oscillating. 

Check the frequency of oscillator with a grid- 
dip meter or wavemeter. If you have a receiver 
that tunes the 25- or 50-Me. region, listen for the 
oscillator to determine if it is crystal controlled. 
The frequency will change only slightly, if at all, 
when the circuit is tuned through resonance. Lis- 
ten to the note with the receiver beat oscillator 
on, and place a screwdriver or other metal ob- 
ject near the tuned circuit. There should be very 
little change in frequency. Should the frequency 
change more than a few hundred cycles under 
these tests the oscillator may not be controlled 
by the crystal. _ 

Self-oscillation is the result of too much feed- 
back. This can be corrected by moving the tap 
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lower on the coil. Too little feedback may pre- 
vent the oscillator from working at all, or it may 
drop out of oscillation when loaded appreciably 
by the following stage. The cure is to raise the 
tap position on the coil. 

When the oscillator is working correctly, re- 
move the milliammeter from its power lead and 
connect it between the high-voltage source and 
the junction of the screen resistor and 1000-ohm 
resistor at the low end of the plate coil. Plug a 
low-range milliammeter, preferably 5 or 10 ma., 
into the grid current jack, Jo, of the amplifier. 
Apply plate voltage to the first two stages and 
tune the doubler plate circuit for maximum grid 
current, as read on the meter in Jo. This should be 
at least 2 ma., with a 250-volt plate supply. Try 
varying the separation between Le and Ls, leav- 
ing Spacing at the point that vields greatest grid 
current. Retune the doubler plate circuit as the 
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Fig. 17-20—Schematic diagram and parts information for the 50-Mc. transmitter. Capacitors are ceramic unless specified. 
Values under .001 are in uuf. Resistors Y2 watt unless specified. 


C:— 50-pyf. variable (Johnson 157-4). 

Co—25-pypf. variable (Johnson 157-3). 

C3—0.5 to 3 uuf. ceramic trimmer (Erie 3139D). 

C4—25-pupf. variable (Johnson 167-2). 

C5—75 ppf. (Johnson 157-5). 

Ji—Coaxial chassis fitting. 

Jz, Jg—Closed-circuit jack. 

Li: —14 t. No. 20 tinned, Y2-inch diam., /% inch long, tapped 
at 4 t. from crystal end (B & W No. 3003). 

| —6% t., %6 inch long, similar to Li. 


Ls—7% t., V2-inch long, similar to Lo. 

La—5 t. No. 20 wound on and spaced to fill 100-ohm 1- 
watt resistor. 

ts —3' t. No. 14 tinned, %-inch i.d., Y2-inch long. 

le—2 t. No. 14, similar to and at cold end of Ls. Cover 
with spaghetti sleeving. 

Ri— 37,500 ohms, 4 watts (4 150,000-ohm 1-watt re- 
sistors in parallel). 

RFC,—Single-layer v.h.f. choke, 2 to 7 wh. (Ohmite Z-50 

or National R-60). 
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spacing is changed. 

Next comes neutralization of the amplifier. 
With drive on, but no plate or screen voltage, 
tune the amplifier plate circuit through its range, 
watching the grid current meter. There may be a 
downward dip in grid current when the plate cir- 
cuit is resonated. Adjust the neutralizing capaci- 
tor, C3, a turn or two and check the grid current 
dip again. If there is less change than before, the 
adjustment was in the right direction. Continue 
in this way until no downward movement can be 
seen in the grid current as the plate circuit is 
tuned through resonance. 

If neutralization cannot be achieved, a different 
value of bypass will be required at the low end of 
L3. If the neutralizing capacitor is at minimum 
setting when neutralization is approached, a 
larger value of bypass will be needed. Try 220 
upf. aS a next step. 

Power may now be applied to the final ampli- 
fier. This can be from the same source as has been 
used for the earlier tests, for the time being. The 
meter may be removed from the doubler power 
lead and connected between the junction of the 
r.f. choke, RFC, and screen resistor and the 
terminal on the back of the transmitter. This will 
measure the combined plate and screen current 
drawn by the amplifier. The meter may also be 
plugged into the cathode jack, where it will read 
combined plate, screen and grid current. 

A light bulb of about 25 watts or more can be 
connected to’a coaxial fitting and used as a 
dummy load in place of an antenna. This will not 
represent a 50-ohm load, so the tuning of the 
stage will not be the same as when a matched 
antenna system is used, but it will do for initial 
tests, and it will give a rough indication of power 
output. 

Apply plate-screen power to all stages, and 
tune the plate circuit of the amplifier to the point 
where plate current dips the lowest. Now adjust 
the series capacitor, retuning the plate capacitor, 
until maximum brilliance is seen in the load lamp. 
Check carefully for any sign of oscillation in the 
amplifier. Remove the crystal from its socket 
briefly, while watching the amplifier grid current. 
This current and the amplifier output should drop 
to zero, and remain there regardless of the tuning 
of any of the transmitter circuits. Should grid 
current appear with the oscillator inoperative, 
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Fig. 17-21 —Layout drawing of the 
50-Mc. chassis top. Precise dupli- 
~ cation is not important, though the 
general parts layout should be 
followed. Hole sizes may vary with 
different types of sockets. 


recheck neutralization. The grid-current dip may 
be only an approximate indication of neutraliza- 
tion, so the adjustment may have to be touched 
up after power is applied to the amplifier. Turn 
off power as a safety measure when this is done. 
With perfect neutralization, maximum grid cur- 
rent, minimum plate current and maximum out- 
put will all occur at the same setting of the ampli- 
fier plate circuit tuning. Perfection in this respect 
may not be possible, but there should be no sign 
of oscillation (grid current in the amplifier when 
the drive is removed) at any setting of the tuning 
controls. 

When the rig is operated with a properly de- 
signed antenna the settings of the amplifier plate 
and antenna loading adjustments may be some- 
what different from those obtained with a lamp 
load. Both should be adjusted for maximum 
power delivered to the antenna. This can be re- 
corded on a field-strength meter, giving a relative 
indication of the power radiated by the antenna. 
Better than this is a power-indicating standing- 
wave bridge, which may be left connected in the 
line to the antenna at all times. 

Final operating conditions for the transmitter 
will depend on the supply voltage and final tube 
used. With a 300-volt supply the oscillator plate 
current will run about 10 ma. with the oscillator 
operating properly, and 17 ma. with the crystal 
out of oscillation. The doubler plate-screen cur- 
rent is about 12 ma. Amplifier grid current will 
be at least 3 ma. without plate and screen voltage, 
and around 2.5 ma. with the amplifier operating 
under load. These values will be slightly lower 
with a 250-volt supply. Plate-screen current to 
the amplifier will depend on the power level and 
tube. With a 2E26 at 300 volts the current will be 
about 20 ma. at resonance, with no load, and 95 
ma. off resonance. Loaded for maximum efficiency 
the 2E26 plate and screen current will be about 
60 ma. With a 6146 at 450 volts the loaded plate 
and screen current will be about 120 ma. 

The 50-Mc. transmitter was described origi- 
nally in QST for October, 1958. 


The 144-Mc. 


Layout and testing of the 144-Mc. unit are very 
similar to the 50-Me. model already described, 
so only the points of difference will be covered in 
this part of the text. Looking at the bottom view, 


Transmitter 


Fig. 17-22—Top view of the 144-Mc. transmitter with 
shield cover removed. A 2E26 is shown 
in the amplifier socket. 


Fig. 17-23, the oscillator tuned circuit is at the 
far right. The tripler plate capacitor, C2, is next 
on the front wal. The 6U8 socket is between 
these two capacitors, on the center line of the 
chassis. The 6BC4 doubler socket is approx- 
imately in the middle of the chassis. The coil 
mounted vertically at the right and slightly 
below the 6BC4 socket is the tripler plate coil, 
I. 

The doubler plate coil, £3, and the amplifier 
grid coil, L4, are mounted on a common center 
line and close together, making them appear as 
one coil in the photograph. The top end of Ls, 
as seen in the schematic diagram, Fig. 17-24, is 
toward the back of the chassis. The grid end of 
L4 is toward the front. Capacitors C’3 and C4 are 
cylindrical plastic trimmers. They are at either 
side of and just above the upper end of Lz. 

- The amplifier socket is at the left. The screen 


Fig. 17-23—Bottom of the 144-Mc. transmitter, with oscil- 
lator-tripler at the right. Doubler stage is near the middle 
of the chassis and amplifier at the left. 


tuning capacitor, C7, is mounted across the 
socket. Screen voltage is fed through the r.f. 
choke just above the socket. The switch for short- 
ing out the grid leak when c.w. is used is in the 
upper left corner of the photograph. The two 
jacks on the front wall are for keying (far left) 
and grid current measurement. 

Circuit differences between the two units, aside 
from the inclusion of the extra multiplier stage 
in the 144-Mc. model, arise mainly from the 
effects of tube and circuit capacitances at the 
higher frequency. Tube capacitances load the 
tuned circuits heavily, so series-tuned circuits are 
used in the amplifier stage. It will be seen that 
the keying jack is connected in the cathode of the 
doubler stage instead of in the amplifier cathode 
lead. It is difficult to bypass the amplifier cathode 
completely at 144 Mc., and the insertion of the 
keying jack in that position would cause oscilla- 


Fig. 17-24—Schematic diagram and parts information for the 144-Mc. transmitter. 


Ci, Co—50-uyf. variable (Johnson 157-4). 

Co, Cs—15-uyf. variable (Johnson 157-2). 

C3, Ca—1-8-uf. plastic trimmer (Erie 532-10). 

Ji, Jo—Closed-circuit jack. 

Js—Coaxial chassis fitting. 

Li—14 turns No. 20 tinned, 2-inch diam., 7% inch long 
tapped at 4 turns from crystal end (B & W No. 
3003). —. 

Lo—5% turns No. 18 enam., “%6-inch diam., ¥% inch long. 

Ls—2% turns No. 18 enam., %6-inch diam., % inch long. 

La—6 turns No. 18 enam., “%6-inch diam., ¥% inch long, 
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center tapped. 

Ls—4 turns No. 14 tinned, %-inch diam., turns spaced 2 
diameters. Make extra space at center for Le; 
see Fig. 17-22. 

le—1 turn No. 14 enamel, %4-inch diam. Cover with in- 
sulating sleeving and insert at center of Ls. 

Ri— 33,000 ohms, 3 watts (3 100,000-ohm 1-watt re- 
sistors in parallel). 

RFC; —7-yh. solenoid choke (Ohmite Z-50). 

RFC2—1.8-yh. solenoid choke (Ohmite Z-144). 

Si—S.p.s.t. switch, any type. 
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tion. Screen bypassing is a similar problem, as 
conventional bypassing methods are ineffective 
at this and higher frequencies. Bringing the screen 
to ground potential requires a critical value of 
capacitance, so a trimmer (C7) is connected from 
screen to ground. 


Adjustment Procedure 


The power supply for testing the 144-Mce. 
transmitter should deliver 6.3 volts at 1.6 am- 
peres if a 226 amplifier tube is used. With a 6146 
it should be capable of supplying 2 amperes. 
Initially 250 to 300 volts at 150 ma. will do for the 
plate supply. Final plate voltage for a 6146 may 
be as high as 500 volts. 

Testing the first two stages is similar to that 
outlined for the 50-Mc. transmitter, except for 
the frequencies involved. Make sure that the 
oscillator is between 24 and 24.66 Mc., and that 
the pentode section of the 6U8 multiplies this 
frequency by 3. Tune the tripler plate circuit, 
Io-C2, for maximum output, as indicated by a 
2-volt 60-ma. pilot lamp coupled to the cold end 
of Le with a single-turn loop of insulated wire 
about the diameter of the coil. 

Next apply plate voltage to the 12AT7 doubler, 
and tune it for maximum amplifier grid current. 
Adjustment of C3 and C4 will interlock to some 
extent, but be sure that each is tuned for maxi- 
mum grid current, as read in Jo. The switch S; 
ean be in either position for this adjustment, 
though the grid current will be much higher if it 
is in the closed position. 

Neutralization js done similarly to the manner 
outlined for the 50-Mce. transmitter, except that 
the setting of the screen capacitor, C7, is the means 
by which it is achieved. If stability is approached 
as C7 reaches maximum capacitance, a larger 
trimmer will be needed. Experimentation with 
the value of the r.f. choke in the screen lead may 
also be helpful. A variation of the neutralization 
system shown is the use of a critical value of in- 
ductance in the screen lead, and the elimination of 
C7. Grid current, when neutralization is com- 
pleted, should be at least 1.5 ma. with S, in the 
open position. Go over all adjustments carefully, 
and experiment with the spacing between L3 and 
L4 if the grid drive is low. 

The balance of the testing is similar to the 
50-Me. procedure. Plate current for the 12AT7 
doubler will be about 25 ma. Amplifier grid cur- 
rent should be all that can be obtained, but 
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Fig. 17-25—Layout drawing of 
the 144-Mc. chassis. 


2-LUG 
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preferably not below 1.5 ma. 
under full load. Should it be less 
than 1.5 ma. running the ampli- 
fier at slightly less than full load- 
ing may make it possible to get 
satisfactory output and stillretain 
good modulation characteristics. 

Amplifier plate current at resonance with no 
load will be higher than on 50 Mce., and the out- 
put will be lower. Efficiency will be lower with a 
6146 than with a 226, but the higher plate 
dissipation rating of the 6146 may make its use 
desirable if more output is needed than can be 
obtained with the 2E26. Either transmitter can 
be used in mobile service. For 6-volt cars the 
tubes can be as shown. Twelve-volt equivalents of 
all the tube types are now available for cars with 
12-volt systems. 


Modulation and Keying 


For voice work a modulator is required. This 
should have a power output of approximately half 
the input to the final amplifier. Several suitable 
modulators are shown in other chapters of this 
Handbook. The plate and screen current of the 
amplifier are run through the secondary of the 
modulator output transformer. If the transmitter 
is to run at low power, a single 300-volt supply 
ean be used for all stages, including the modu- 
lator, if it has a sufficiently high current rating. 

Keying methods differ for the two r.f. units. 
The 50-Mc. transmitter is keyed for c.w. by 
breaking the cathode lead. This would cause in- 
stability if applied to the 144-Mce. transmitter, so 
the latter is keyed in the cathode of the doubler 
stage. Fixed bias must be applied to the final 
amplifier grid, to keep the plate current to a safe 
value. The voltage required will depend on the 
plate voltage applied to the final. The plate cur- 
rent need not be cut completely off, but merely 
held to less than the plate dissipation rating for 
the tube used. A 221% volt battery is sufficient 
for plate voltages up to 400. The simplest way to 
apply bias, for occasional e.w. use, is to plug it 
into the grid current jack. The positive terminal 
of the bias battery should connect to the ground 
side of the plug. 

The switch S; cuts out the 27,000-ohm grid 
resistor, so that the grid bias will not be excessive 
when fixed bias is applied. The rig can be operated 
in this manner (fixed bias plus the smaller of the 
two grid resistors) on voice, if it is desirable or 
convenient to do this. The grid current is so low 
that the bias battery will last almost indefinitely, 
and a small hearing aid size is suitable. It can be 
mounted inside the chassis and wired into the 
circuit permanently, where more frequent c.w. 
operation is expected. 


A Simple Transmitter 


Simple Transmitter 


The transmitter in Figs. 17-26-17-29 is for 
the newcomer who wants to start with simple 
gear, going on to something better when he has 
gained construction and operating experience. 
It is built in two units, with the idea that the 
modulator can be retained when the r.f. portion 
is discarded. 

The r.f. section is a simple oscillator with 
two 6AF4 or 6AT4 tubes in push-pull. Its plate 


Fig. 17-26—The simple trans- 
mitter for 220 and 420 Mc. is 
made in two parts. The modu- 
lator, left, may be retained for 
use with more advanced r.f. 
sections than the simple oscil- 
lator shown at the right. The 
two units may be plugged to- 
gether or connected by a cable. 


circuit is changed from a quarter-wave line at 
220 Me. to a half-wave line at 420 Mc. by plug- 
ging in suitable terminations at the end of the 
tuned circuit. 

Because the oscillator is modulated directly 
it will have considerable frequency modulation, 
and the signal will not be readable on selective 
receivers unless the modulation is kept at a 
very low level. Where a broader receiver is in 
use at the other end of the path a higher modu- 
lation level can be employed. 

The modulator is designed for a crystal micro- 
phone. It delivers 3 to 10 watts output, de- 


for 220 and 420 Mc. 


pending on the plate voltage and whether a 
6V6 or 6L6 tube is used. It may be considered 
as a long-term investment that will be suitable 
for use with any r.f. section of up to 20 watts 
input that may be constructed at a later date. 


Construction 


The two units are built on identical 5 by 7 
by 2-inch aluminum chassis, connecting by 


means of a plug on the oscillator and a socket 
on the modulator. Power is fed through a 
similar plug on the back of the modulator. 
Arrangement of parts in the modulator is not 
critical, but the oscillator should be exactly as 
shown. 

Sockets for the tubes are one inch apart 
center to center, 237. inch in from the end of 
the chassis. Ci is at the exact center of the 
chassis, with J2 1% inches to its left, as seen in 
Fig. 17-27. At the far left is a crystal socket, 
used for the antenna terminal, Jj. One-inch 
ceramic standoffs are mounted on the screws 
that hold Join place. These support the 
antenna coupling loop, Lg. 


Testing and Use 
A power supply delivering about 200 


Fig. 17-27—Bottom view 
of the oscillator unit, show- 
ing the two-band tank cir- 
cuit. The line terminations, 
with their protecting caps 
removed, are in the fore- 
ground. At the left is the 
220-Mc. plug, with the 
420-Mc. one at the right. 
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Fig. 17-28—Schematic diagram and parts information for the two-band oscillator and medolniae 


Ci—10.5-uyf.-per-section butterfly variable (Johnson 
10LB1 5). 

L:—2 34 inch pieces No. 12 tinned, spaced 2 inch. Bend 
down % inch at tube end and 1 inch at socket 
end. R.f. chokes connect ¥% inch from bend at 
tube end. Connect Ci at 1 inch from bend at 
socket end. 

l2—Hairpin loop 214 inches long and '2 inch wide, No. 16, 
covered with insulating sleeving. 

Ji—Crystal socket used for antenna terminal. 

J2—5-contact ceramic socket (Amphenol 49-RSS5). 


volts d.c. at 50 ma. or more and 6.3 volts at 1 amp. 
or more is needed. Plug the units together or 
connect them by a cable. With a cable, a milli- 
ammeter may be connected between the No. 4 
pins to measure the oscillator plate current. 
Otherwise the meter should be connected tem- 
porarily between Pin 4 of J3 and Pin 3 of J, 
in place of the wire shown in Fig. 17-28. 

Plate current should be about 25 to 30 ma. If 
the stage is oscillating there will be a fluctuation 
in current as the plate lineis touched with 
an insulated metal object. Do not hold 
the metal in the hands for this test! The 
frequency is best checked by means of 
Lecher wires, a technique that is cov- 
ered in the chapter on measurements. 

With the dimensions given the range 
with P; plugged in should be about 405 
to 450 Mc. With P»2 plugged in the fre- 
quency should fall within the 220-Me. 
band with C, set in the same position 


Fig. 17-29—Looking at the 
underside of the modulator. 
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Js, Js—4-contact male fitting (Amphenol 86—-RCP4). 

Ji—A4 contact female chassis fitting (Amphenol 78-S4 or 
RS4). 

Je—Microphone connector (Amphenol 75-PC1M). 

P;—5-contact male cable connector (Amphenol 86-PM5) 
with Pins 2, 3 and 4 joined together. 

P2—Same as Pi, but with Pins 1 and 5 joined. Connect 
100-ohm resistor between these and Pin 3. 

RFC (6 required)—12 turns No. 28 enamel close-wound 
on high-value 1-watt resistor. 

T:—10-watt modulation trans. (Merit A-3008). 


as it was for the middle of the 420-Mc. band. 
Some alteration of the connection point for C on 
L, may be necessary to achieve this. 

In using the transmitter it is well to stay be- 
tween 221 and 224 Me. to avoid out-of band 
operation. On 420, keep the transmitter below 
432 Mc. to avoid interference with the high- 
selectivity work that is done between 432 and 436 
Me. (Further details on this transmitter in QST 
for December, 1954.) 


220-Mc. Transmitter 


A 40-Watt Transmitter for 220 Mc. 


The crystal-controlled transmitter shown in 
Figs. 17-30 and 17-32 will run 30 to 40 watts at 
220 Me. Referring to Fig. 17-31, a simple over- 
tone oscillator circuit uses one half of a 12AT7 
dual triode. The crystal may be between 8.15 
and 8.33 Me. or 24.45 and 25 Me. In either case, 
the frequency of oscillation is in the latter range, 
as the crystal works on its third overtone. The 
second half of the 12AT7 is a tripler to 73 to 75 
Me. This stage has a balanced plate circuit, so 
that its output may be capacitively coupled to the 
grids of a second 12AT7, working as a push-pull 
tripler to 220 Mc. The low side of the first tripler 
plate circuit has a balancing capacitor, C3, so that 
a capacitance equal to the output capacitance of 
the 12AT7 can be added to that side of the circuit. 
Without this the two halves of the push-pull 
tripler may receive unequal drive, and one half 
of the tube will run hotter than the other. 

The plate circuit of the push-pull tripler is 
inductively coupled to the grid circuit of an 
Amperex 6360 dual tetrode amplifier that runs 
straight through on 220 Mc. Similar inductive 
coupling transfers the drive to the grid circuit 
of the final amplifier stage, an Amperex 6252 
dual tetrode. This tube is a somewhat more efh- 
cient outgrowth of the 832A, which may also be 
used, though with lower efficiency and output. 
Base connections are the same for both tubes. 

The grid return of the 6252 is brought out to 
the terminal strip on the back of the unit, to 
allow for connection of a grid meter. Both this 
point and the tip jack in the 6360 grid return 
have 1000-ohm resistors compléting the grid 
returns to ground, so that operation of the stages 
is unaffected if the meters are removed. 

Instability in: tetrode amplifiers for v.h.f. 
service may develop as a result of the ineffective 
bypassing of the screen. In the case of the 6360 
stage stable operation was obtained with no 
bypassing at all, while on the 6252 a small mica 
trimmer was connected directly from the screen 
terminal to ground. It is operated near the 
minimum setting. 


Construction 


The transmitter is built on an aluminum plate 
6 by 17 inches in size. This screws to a standard 
chassis of the same dimensions, which serves as 


both shield and case. Cut-outs about three inches 
square are made in the chassis and base plate, 
above and below the tube, to allow for ventila- 
tion. These openings are fitted with perforated 
aluminum or screening to preserve shielding. The 
case should be equipped with rubber feet, to 
avoid marring the surface it rests on, and to allow 
air circulation around the tube. 

The tube sockets and all the controls except 
the tuning capacitor of the oscillator are mounted 
along the center line of the cover plate. The 
220-Mc. stages are inductively coupled, using 
hairpin loop tank circuits the dimensions of 
which are given in Fig. 17-33. The tuning range of 
these circuits is affected by the widths of the loops 
as well as their length, so some variation can be 
had by squeezing the sides together or spreading 
them apart. 

It is important that the method of mounting 
the 6252 socket be followed closely. An aluminum 
bracket about 27% inches high and 4 inches wide 
supports the socket. Note that the socket and 
tube are on the same side of the plate. Holes are 
drilled in the plate in line with the control grid 
terminals to pass the grid leads. These holes are 
34-inch diameter, and are equipped with rubber 
grommets to prevent accidental shorting of the 
grid leads to ground. The shape of the grid in- 
ductance should be such that its leads pass 
through the centers of the holes. The socket is 
supported on 54.-inch metal pillars. It may be 
necessary to bend the socket lugs slightly to keep 
them from shorting to the mounting plate. The 
heater lead comes to the top of the plate, and 
the cathede lead bends around the bottom of it. 

Power leads are made with shielded wire, and 
are brought out to a terminal strip on the back 
of the chassis. These leads and the coax to the 
output connector should be long enough so that 
the plate on which the transmitter is built can 
be lifted off the chassis and inverted as shown in 
the photograph. 


Adjustment 


Initial tests should be made with a power 
supply that delivers no more than 250 volts, 
and as little as 150 to 200 volts can be used. If 
the voltage is more than 250, insert a 5000-ohm 
10-watt resistor in series with the power lead 


Fig. 17-30—Top view of the 220-Mc. 

transmitter. Final amplifier tube is in- 

side the chassis, below the screened 

ventilation hole. Power connections, key- 

ing jack and output terminal are on the 
back of the chassis. 
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Fig. 17-31 —Schematic diagram and parts information for the 220-Mc. transmitter. Capacitor values below 0.001 uf. 


are in uf. Resistors Y2 watt unless specified. 


C; —50-pyf. miniature variable (Hammarlund MAPC-50-B). 

Co, C1, Cs—8-uuf. miniature butterfly variable (Johnson 
160-208). 

Cs, Ce—3-30-uyf. mica trimmer. 

C;—Butterfly variable, 1 stator and 1 rotor (Johnson 
167-21, with plates removed). 

Cs—15-upf. miniature variable (Hammarlund MAPC-15-B). 

J; —Tip jack, insulated. 

Ja—Closed-circuit phone jack. 

Jz— Coaxial chassis fitting, SO-239. 

L:—15 t. No. 20 tinned, Y2-inch diam., 1 inch long (B & W 
Miniductor No. 3003). Tap at 4 turns from crystal 


temporarily. Plate voltage should be applied to 
the various stages separately, starting with the 
oscillator, making sure that each stage is working 
correctly before proceeding to the next. 

A milliammeter of 50- to 100-ma. range should 
be connected temporarily in series with the 
1000-ohm resistor in the oscillator plate lead. 
When power is applied the current should be 
not more than about 10 ma. Rotate C; and note 
if an upward kick occurs, probably near the 
middle of the range of C;. At this point the stage 
is oscillating. Lack of oscillation indicates too 
low feedback, or a defective crystal. Listen for 
the note on a communications receiver tuned 
near 24 Me., if one is available. There should 
be no more than a slight change in frequency 
when a metallic tool is held near the tuned cir- 
cult, or when the circuit is tuned through its 
range. The note should be of pure crystal qual- 
ity. If there is a rough sound, or if the frequency 
changes with mechanical vibration, the oscillator 
is not controlled by the crystal. This indicates 
too much feedback, and the tap on the coil, Li, 
should be moved near the crystal end. 

The proper amount of feedback is the lowest 
tap position that allows the oscillator to start 


‘AAA 


end; see text. 

lo—12 t. No. 18 tinned, Y2-inch diam., 1 inch long, center- 
tapped. 

Lz, La, Ls, ls — U-shaped loops No. 18 enam., center-tapped. 
Dimensions given in Fig. 17-33. 

l7—2 t. No. 14 enam., |-inch, 1-inch diam., leads ¥% inch 
long. Center-tapped, space turns 2 inch apart. 

Ls—1 t. No. 18 enam., inserted between turns of L7. Cover 
with insulating sleeving. 

R;—23,500 ohms, 2 watts. (Two 47,000-ohm 1-watt 
resistors in parallel.) 

RFC; —25 t. No. 28 enam. on 1-watt high-value resistor. 


readily under load. If 24-Me. erystals are used 
the tap can be lower on the coil than with 8-Me. 
crystals. When 8-Me. crystals are operated on 
the third overtone, as in this case, the frequency 
of oscillation may not be exactly three times that 
marked on the crystal holder. 

Now apply plate voltage to the second half of 
the 12AT7, again using a temporary plate meter 
connected in series with the 100-ohm decoupling 
resistor that feeds plate power to Lo. Current 
will be about 10 ma., as with the oscillator. 
Tune C> for maximum output. This ean be de- 
termined by brilliance indication in a 2-volt 
60-ma. pilot lamp connected to a 1-turn loop of 
insulated wire coupled to Le. Check the frequeney 
of this stage with a wavemeter. 

Now connect a low-range milliammeter (not 
more than 10 ma.) between the test point, /1, 
and ground. Apply power to the push-pull tripler, 
again using a temporary milliammeter connected 
in the lead to the plate coil, L3. Tune the plate 
circuit for maximum indication on the grid 
meter. Plate current will be about 20 ma. Adjust 
the position of Z3 with respect to L4 for maximum 
grid current. Now go back over all previous ad- 
justments and set them carefully for maximum 
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220-Mc. Transmitter 


Fig. 17-32—Interior view of the 220-Mc. transmitter. A!l 

r.f. components are mounted on an aluminum plate, which 

is screwed to the top of a standard 6 X 17-inch chassis. 

Screen trimmer capacitor Cs mounts on the tube socket 
mounting plate. 

The crystal socket and the oscillator coil and capacitor 
are at the far right. Next is the first 1 2AT7 socket. Next to 
the left is the first tripler plate coil, mounted over its trim- 
mer, with the mica balancing padder, C3, above. The 
12ATZ tripler, the test point, Ji, the tuning capacitor C4, 
the tripler plate and amplifier grid loops, L3 and L4, the 
6360 socket, the 6360 plate and amplifier grid loops, 
the 6252, and its tuned circuits follow in that order. The 
series capacitor, Cs, and the coaxial lead to the output 
connector, Jz, are at the far left. 


grid current. Adjust the balancing padder, C3, re- 
tuning C2 each time this is done, until the com- 
bination of Co and C3 that gives the highest grid 
current is found. Check the frequency to be sure 
that the stage is tripling to 220 Mc’ 

Now apply power to the 6360 plate circuit, 
again using the temporary meter to check the 
current. Connect the low-range milliammeter 
between the grid-metering terminal on the con- 
nector strip and ground. Set the screen trimmer, 
Cs, near minimum, and tune the 6360 plate circuit 
for maximum grid current. With 300 volts on the 
preceding stages, it should be possible to get at 
least 4 ma. Adjust the spacing between ZL; and Leg 
carefully for maximum grid current, retuning C5 
each time this is done. Plate current should not 
exceed 55 ma. 

Check for neutralization of the final amplifier 
by tuning C7 through resonance while watching 
the grid-current meter. If there is no change, 
or only a slight rise as the circuit: goes through 
resonance, the stage is near enough to neutraliza- 
tion to apply plate power. The 6252 has built-in 
cross-over capacitance, intended to provide neu- 
tralization in the v.h.f. range, so it is likely to be 
stable at this frequency. If there is a downward 
kick in the grid current at resonance, adjust the 
screen trimmer until it disappears. If best neu- 
tralization shows at minimum setting of the 
screen trimmer it may be desirable to eliminate 
the trimmer. 

With an antenna or dummy load connected 
at J3, final plate voltage can be applied. Tune the 
final plate circuit for maximum output, with a 
meter of 100 ma. or higher range connected to 
read the combined plate and screen current. This 
meter may be connected in the power lead, or it 
can be plugged into the cathode jack. In the latter 
position it will read the combined plate, screen 
and grid currents. Tune for maximum output 
and note the plate current. If it is much over 100 
ma., loosen the coupling between L7 and Ls. 
The input should not be over 50 watts at this 
frequency. 

A final check for neutralization should now be 
made. Pull out the crystal or otherwise disable 
the early stages of the transmitter. The grid cur- 
rent and output should drop to zero. If they do 
not, adjust the screen trimmer until they do. 
Make this test only very briefly, as the tubes 


will draw excessive current when drive is re- 
moved. When perfect neutralization is achieved, 
maximum output will be found at a setting of 
Cz at which plate current is at a minimum and 
grid current at maximum. 


Operation 


All stages should be run as lightly as possible, 
for stable operation and long tube life. No more 
than 300 volts should be run on the exciter stages, 
and if sufficient grid drive can be obtained, lower 
voltage is desirable. The 6360 stage runs with 
rather low drive, and its efficiency is consequently 
poor, but it delivers enough power to drive the 
6252, even when run at as low as 250 volts, if all 
stages are operating as they should. 

Observe the plates of the tubes when the trans- 
mitter is operated in a darkened room. There 
should be no reddening of the plates. If one side 
of any of the last three stages shows red and the 
other does not it is evidence of unbalance. This 
can usually be corrected by adjustment of the 
balancing trimmer, C3, in the first tripler plate 
circuit. Lack of symmetry in lead lengths or 
unbalanced capacitance to ground in any of the 
r.f. circuits may also lead to lopsided operation. 

Though the 6252 is rated for up to 600 volts 
on the plates, it is recommended that no more 
than 400 be used in this application, particularly 
if the stage 1s to be modulated for voice work. 

For voice work the plate-screen current of the 
6252 is run through the secondary of the output 
transformer on the modulator. The latter should 
have an output of 20 watts or so. 


Fig. 17-33—De- 
tails of the hairpin 
loops used in the 
220-Mc. _ transmit- 
ter. 
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A Tripler-Amplifier for 432 Mc. 


Only tubes designed especially for u.h.f. service ~ 


will work satisfactorily at 420 Mc. and higher. 
The various small receiving triodes made for 
u.h.f. TV use will work well in low-powered 
frequency multipliers and r.f. amplifiers for 
transmitting, but the trend is to tetrodes. Several 
of the latter are now available. 

The tripler-amplifier shown in Figs. 17-34 to 
17-37 delivers up to 20 watts output on 432 Me. 


Fig. 17-34—A trigpler-amplifier for 

432 Mc. using dual tetrodes. 

Shielded construction and forced- 
air cooling are employed. 


when driven on 144 Me. by any 2-meter unit 
delivering 10 watts output or more. In _ plate- 
modulated service the output is 12 watts. Tubes 
are RCA 6524 dual tetrodes, but with slight 
modification Amperex 6252s or 5894s may be 


used. With 6252s the output will be about the’ 


same as with the 6524. The 5894 will deliver up 
to 40 watts with higher plate voltages. The 832A 
may also be used, but the output will be no more 
than 4 or 5 watts. Forced-air cooling and shielding 
are recommended. 

The tripler tube is mounted vertically, at the 
left, with its socket 11% inches below the chassis. 
There is just room under the socket for the self- 
resonant input circuit, La. The amplifier is 
horizontal, with its socket mounted in back of a 
plate that is 8 inches from the left edge of the 
3 X 4 X 17-inch aluminum chassis. The shield- 
ing enclosure is 314 inches wide by 3% inches 
high. A cooling fan is mounted on the rear wall 
of the chassis. Air circulates around the tripler 
tube through its 2-inch hole, flowing out through 
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holes in the top cover. Holes are drilled in the 
chassis under the amplifier tube, and in the 
cover over it. With a bottom plate fitted to the 
chassis there should be enough air flowing through 
both top vents to lift a paper briskly when 
the fan is started. 

Half-wave lines are used in all 482-Me. circuits. 
The grid circuit of the amplifier is capacitively 
coupled to the tripler plate line, the two over- 


lapping about 114 inches. The spacing between 
them must be adjusted carefully for maximum 
grid drive. Plate voltage is fed to the lines 
through small resistors. These should be con- 
nected at the point of lowest r.f. voltage on the 
lines. The amplifier grid r.f. chokes are connected 
at the tube socket. 

Note that the plate line capacitors, C, and 
Ce, have their rotors floating. This is important. 
Grounding the rotors, or use of capacitors having 
metal end plates, may introduce multiple r.f. 
paths and circuit unbalance. The capacitors have 
small metal mounting brackets that are not 
connected directly to the rotors, but even so it 
was necessary to resort to polystyrene mounting 
plates for best circuit balance and efficiency. 
Holes 34 inch in diameter are punched in the 
front wall to pass the rotor shafts. 


Testing 


The tripler-amplifier is designed to operate in 
conjunction with a 144-Mce. transmitter such as 


Fig. 17-35—Looking into the 
tripler-amplifier with the top 
cover and front plate removed. 


A Tripler-Amplifier 


TRIPLER 


L3 432 Me. 


AMPLIFIER 


Fig. 17-36—Schematic diagram for the 432-Mc. tripler-amplifier. 


Ci, Co—10-uyf.-per-section split stator, double spaced 

(Bud LC-1664). Do not use metal end-plate or 
grounded-rotor types. 

Ri, Re—23,500 ohms, 2 watts (two 47,000-ohm 1-watt 
resistors in parallel). 

Li—2 turns No. 20 enam., Y2-inch diam. Insert between 

turns of Lo. 

Lo—4 turns No. 16 enam., '-inch diam., Y2-inch long, 
center-tapped. 

Ls—Copper strap on heat-dissipating connectors, 31/2 
inches long. Twist 90 degrees '/2 inch from plate 
end. Space % inch. 

L4—Copper strap 27% inches long, soldered to grid termi- 


the 2E26 rig shown in Fig. 17-17. A plate supply 
of 300 volts at 200 ma. is needed (400 volts may 
be used with 5894s). Apply power to the 144-Mce. 
driver stage and adjust the spacing of the turns 
in Leg and the degree of coupling between Ly 
and Ly for maximum tripler grid current.. This 
should be about 3 ma. 

Next apply plate and screen voltage to the 
tripler and tune C; for maximum grid current 
in the amplifier, with no plate or screen voltage 
to the latter. Adjust the position of the grid 
lines with respect to the plate circuit, read- 
justing C, whenever a change is made, until at 
least 4 ma. grid current is obtained. 

Now connect a lamp load across the output 
terminal, J2. Ordinary house lamps are not suit- 
able. A fair load can be made by connecting 6 
or more blue-bead pilot lamps in parallel. This 
can be done by wrapping a 14-inch copper strap 


Fig. 17-37 —Bottom view of the 
432-Mc. transmitter. 


nals. Space about 2 inch. 

ls—Copper strap 3% inches long, fastened to heat-dissl- 
pating connectors. Space % inch. All tank circuits 
of flashing copper 2 inch wide. 

Le—Coupling loop, No. 20 enam. U-shaped portion is 
1 inch long and ¥% inch wide. Mount on 3-inch 
ceramic stand-offs. 

Ji —Coaxial input fitting (Amphenol 83-1R). 

Jo—Crysta! socket used for antenna terminal. 

J3, Ja—Closed-circuit jack. 

Js—5-pin male chassis connector (Amphenol 86-RCP5). 

M—Motor-blower assembly, 17 c.f.m. (Ripley Inc., Middle- 
town, Conn., Type 8433). 


around the brass bases and soldering them all 
together. Then another strap should be soldered 
to the lead terminals. Apply plate and screen 
voltage and tune C2 for maximum lamp brilliance. 
It should be possible to develop a very bright 
glow in the 6-lamp load with a plate current of 
about 100 ma. at 300 volts. 

Cut drive very briefly to check for oscillation 
in the final stage. Grid current should drop to 
zero. The screen and grid resistors shown are for 
operation with plate modulation. More input can 
be run if the screen or grid resistance is decreased, 
but this should be done only when the rig is to be 
used for f.m. or ¢.w. service. 

Operating conditions are about as follows: 
tripler grid current — 2 to 3 ma.; amplifier grid 
current — 3 to 4 ma.; tripler plate and screen 
current — 90 ma.; amplifier plate and screen 
current — 110 ma.; output — 12 watts. 


CHAPTER 18 


V.H.F. Antennas 


While the basic principles of antenna design 
remain the same at all frequencies where con- 
ventional elements and transmission lines are 
used, certain aspects of v.h.f. work call for 
changes in antenna techniques above 50 Mc. 
Here the physical size of arrays is reduced to the 
point where some form of antenna having gain 
over a simple halfwave dipole can be used in 
almost any location, and the rotatable high-gain 
directional array has become a standard feature 
of all well-equipped v.h.f. stations. The im- 
portance of antenna gain in v.h.f. work cannot 
be over-emphasized. By no other means can so 
large a return be obtained from a small invest- 
ment as results from the erection of a good 
directional array. 


Me DESIGN CONSIDERATIONS 


At 50 Me. and higher it is usually important to 
have the antenna work well over all or most of the 
band in question, and as the bands are wider than 
at lower frequencies the attention of the designer 
must be focused on broad frequency response. 
This may be attained in some instances through 
sacrificing other qualities such as high front-to- 
back ratio. 

The loss in a given length of transmission line 
rises with frequency. V.h.f. feedlines should be 
kept as short as possible, therefor. Matching of 
the impedances of the antenna and transmission 
line should be done with care, and in open loca- 
tions a high-gain antenna at relatively low height 
may be preferable to a low-gain system at great 
height. Wherever possible, however, the v.h.f. 


DRIVEN ELEMENT 


OPEN WIRE LINE 
OR BALUN 


Tee 


Mm OR MORE 


Fig. 18-1—Combination tuning and matching stub for 

v.h.f. arrays. Sliding short is used to tune out reactance 

of the driven element or phasing system. Transmission line, 

either balanced or coax, is connected at the point of lowest 

standing-wave ratio. Adjustment procedure is outlined in 
text. 


array should be well above heavy foliage, build- 
ings, power lines or other obstructions. 

The physical size of a v.h.f. array is usually 
more important than the number of elements. A 
4-element array for 432 Mc. may have as much 
gain over a dipole as a similarly designed array 
for 144 Mc., but it will intercept only one-third as 
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much energy in receiving. Thus to be equal in 
communication, the 432-Mc. array must equal 
the 144-Me. antenna in capture area, requiring 
three times as many elements, if similar element 
configurations are used in both. 


Polarization 


Early v.h.f. work was done with simple an- 
tennas, and since the vertical dipole gave as good 
results in all directions as its horizontal counter- 
part offered in only two directions, vertical 
polarization became the accepted standard. 
Later when high-gain antennas came into use it 
was only natural that these, too, were put up 
vertical in areas where v.h.f. activity was already 
well established. 

When the discovery of various forms of long- 
distance propagation stirred interest in v.h.f. 
operation in areas where there was no previous 
experience, Many newcomers started in with 
horizontal arrays, these having been more or less 
standard practice on frequencies with which 
these operators were familiar. As use of the same 
polarization at both ends of the path is necessary 
for best results, this lack of standardization re- 
sulted in a conflict that, even now, has not been 
completely resolved. 

Tests have shown no large difference in results 
over long paths though evidence points to a slight 
superiority for horizontal in certain kinds of ter- 
rain, but vertical has other factors in its favor. 
Horizontal arrays are generally easier to build 
and rotate. Where ignition noise and other forms 
of man-made interference are present, horizontal 
systems usually provide better signal-to-noise 
ratio. Simple 3- or 4-element arrays are more 
effective horizontal than vertical, as their radia- 
tion patterns are broad in the plane of the ele- 
ments and sharp in a plane perpendicular to them. 

Vertical systems can provide uniform coverage 
in all directions, a feature that is possible only 
with fairly complex horizontal arrays. Gain can 
be built up without introducing directivity, an 
important feature in net operation, or in loca- 
tions where the installation of rotatable systems 
is not possible. Mobile operation is simpler with 
vertical antennas. Fear of increased TVI has kept 
v.h.f. men in some densely populated areas from 
adopting horizontal as a standard. 

The factors favoring horizontal have been 
predominant on 50 Mce., and today we find it the 
standard for that band, except for emergency net 
operation involving mobile units. The slight ad- 
vantage it offers in DX work has accelerated the 
trend to horizontal on 144 Mc. and higher bands, 
though vertical polarization is still widely used. 
The picture on 144, 220 and 420 Me. is still con- 
fused, the tendency being to follow the local 
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trend. The newcomer should check with local 
amateurs to see which polarization is in general 
use in the area he expects to cover. Eventual 
standardization should be a major objective, 
and to this end it is recommended that horizontal 
polarization be established in areas where ac- 
tivity is developing for the first time. 


@ IMPEDANCE MATCHING 


Because line losses increase with frequency it is 
important that v.h.f. antenna systems be matched 
to their transmission lines carefully. Lines com- 
monly used in v.h.f. work include open-wire, 
usually 300 to 500 ohms impedance, spaced 4% 
to two inches; polyethylene-insulated flexible 
lines, available in 300, 150 and 72 ohms imped- 
ance; and coaxial lines of 50 to 90 ohms imped- 
ance. 

The various methods of matching antenna and 
line impedance are described in detail in Chapter 
14. Matching devices commonly used in v.h-f. 
arrays fed with balanced lines include the folded 
dipole in its various forms, Fig. 14-42, the “‘T” 
Match, Fig. 14-45, the ““Q” section, Fig. 14-41, 
and the adjustable stub, Fig. 18-1. The gamma 
match, useful for feeding the driven element of 
a parasitic array with coaxial line, is shown in 
schematic form in Fig. 14-45.° Balanced loads 
such as a split dipole or a folded dipole can be 
fed with coax through a balun, as shown in 
Fig. 14-46. Practical examples of the use of these 
devices are shown in the following pages. The 
principles upon which their operation depends 
are explained in Chapter 14, with the exception 
of the adjustable stub of Fig. 18-1. 


The Corrective Stub 


The adjustable stub shown in Fig. 18-1 provides 
a means of matching the antenna to the trans- 
mission line and also tuning out reactance in the 
driven element. It is, in effect, a tuning device 
to which the transmission line may be connected 
atthe point where impedances match. Both the 
shorting stub and the point of connection are 
made adjustable, though once the proper points 
are found the connections may be made per- 
manent. 

For antenna experiments the stub may be 
made of tubing, and the connections made with 
sliding clips. In a permanent installation a stub 
of open-wire line, with all connections soldered, 
may be more satisfactory mechanically. The 
transmission line may be open-wire or Twin-Lead, 
connected directly to the stub, or coaxial line of 
any impedance, which should be connected 
through a balun. 

To adjust the stub start with the short at a 
point about a half wavelength below the antenna, 
moving the point of connection of the transmission 
line up and down the stub until the lowest stand- 
ing-wave ratio is achieved. Then move the shorting 
stub a small amount and readjust the line connec- 
tion for lowest s.w.r. again. If the minimum s.w.r. 
is lower than at the first point checked the short 


was moved in the right direction. Continue in that 
direction, readjusting the line connection each 
time, until the s.w.r. is as close to 1:1 as possible. 
When adjustments are completed the portion of 
the stub below the short can be cut off, if this is 
desirable mechanically. - 


@ TYPES OF V.H.F. ARRAYS 


Directional antenna systems commonly used in 
amateur v.h.f. work are of three general types, 
the collinear, the Yagi, and the plane reflector 


Fig. 18-2—Inserts for the ends of the elements in a v.h.f. 

array provide a means of adjustment of length for opti- 

mum performance. Short pieces of the element material 

are sawed lengthwise and compressed to fit inside the 
element ends. 


array. Collinear systems have two or more driven 
elements end to end, fed in phase, usually backed 
up by parasitic reflectors. The Yagi has a single 
driven element, with one or more parasitic 
elements in front and in back of the driven 
element, all in the same plane. The plane-reflector 
array has a large reflecting surface in back of its 


driven element or elements. This may be a sheet 


of metal, a metal screen, or closely spaced rods 
or wires. The reflector may be a flat plane, or it 
can be bent into several forms, such as the 
corner and the parabola. 

Examples of all three types are described, and 
each has points in its favor. The collinear systems 
such as the 12- and 16-element arrays of Figs. 18- 
14 and 18-15 require little or no adjustment and 
they present few feed problems. They work well 
over a wide band of frequencies. Yagi, or parasitic 
arrays, Figs. 18-5 to 18-10, depend on fairly 
precise tuning of their elements for gain, and 
thus work over a narrower frequency range. 
They are simple mechanically, however, and 
usually offer more gain for a given number of 
elements than do the collinear systems. Plane- 
and corner-reflector arrays are broadband de- 
vices, having broad forward lobes and high 
front-to-back ratio. They are easily adjusted, but 
somewhat cumbersome mechanically. . 


@ ELEMENT LENGTHS AND SPACINGS 


Designing a v.h.f. array presents both mechani- 
cal and electrical problems. The electrical prob- 
lems are basic, and their solution involves choos- 
ing the type of performance most desired. Me- 
chanical design, on the other hand, can be subject 
to almost endless variations, and the form that 
the array will take can usually be decided by 
the materials and tools available. One common 
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TABLE 18-I 

Dimensions for V.H.F. Arrays in Inches 
Freq. (Mc.) 222.5*| 435* 

Driven Element 94% | 1234 

Change per Mc.* 


133% 
12% 


Reflector 


1st Director 


2nd Director 12 


3rd Director 


1.0 Wavelength 


11% 


0.625 Wavelength 


——$ | 


0.5 Wavelength 


0.25 Wavelength 


0.2 Wavelength 


0.15 Wavelength ie 


76 


Balun loop (coax) 174% 834 

* Dimensions given for element lengths are for the 
middle of each band. For other frequencies adjust lengths 
as shown in the third line of table. Example: A dipole for 
50.0 Me. would be 106.5 + 4 = 110.5 inches. 

Apply change figure to parasitic elements as well. 

For phasing lines or matching sections, and for spacing 
between elements, the midband figures are sufficiently 
accurate. They apply only to open-wire lines. 

Parasitic-element lengths are optimum for 0.2 wave- 
length spacing. 


26.5 


source of materials for amateur arrays 1s com- 
mercially built TV antennas. They can often 
be revamped for the amateur v.h.f. bands with 
a minimum of effort and expense. 

Dimensions for Yagi or collinear arrays and 
their matching devices can be taken from Table 
18-I. The driven element is usually cut to the 
formula: 


5540 
Freq. (Mc.) 


This is the basis of the lengths in Table 18-I, 
which are suitable for the tubing or rod sizes 
commonly used. Arrays for 50 Me. usually have 
1% to 1-inch elements. For 144 Me. 14 to %-inch 
stock is common. Rod or tubing 4 to %% inch 
in diameter is suitable for 220 and 420 Mc. Note 
that the element lengths in the table are for the 
middle of the band concerned. For peaked per- 
formance at other frequencies the element lengths 


Length (in inches) = 


Practical Designs 


The antenna systems pictured and described 
herewith are examples of ways in which the 
information in Table 18-I can be used in arrays 
of proven performance. Dimensions can be taken 
from the table, except where otherwise noted. If 
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should be altered according to the figures in the 
third line of the table. 

Reflector elements are usually about 5 per cent 
longer than the driven element. The director 
nearest the driven element is 5 per cent shorter, 
and others are progressively shorter, as shown in 
the table. Parasitic elements should also be 
adjusted according to Line 3 of the table, if peak 
performance is desired at some frequency other 
than midband. 

Parasitic element lengths of Table 18-I are 
based on element spacings of 0.2 wavelength. 
This is most often used in v.h.f. arrays, and is 
suitable for up to 4 or 5 elements. Other spacings 
can be used, however. If the element lengths are 
adjusted properly there is little difference in gain 
with reflector spacings of 0.15 to 0.25 wavelength. 
The closer the reflector is to the driven element, 


Fig. 18-3—Omnidirec- : 
tional vertical array for 
144 Me. Elements of 
aluminum clothesline 
wire are mounted on 
ceramic standoff insu- 
lators screwed to a 
wooden pole. Feedline 
shown is 52-ohm coax, 
with a balun at the 
feedpoint. Twin-Lead or 
other 300-ohm _bal- 
anced line may also be 
used, but it should be 
brought away horizon- 
tally from the support- 
ing pole and elements 
for at least a quarter 
wavelength. Coax may 
be taped to the sup- 
port. 


the shorter it must be for optimum forward gain, 
and the greater will be its effect on the driven 
element impedance. 

Directors may also be spaced over a similar 
range. Closer spacing than 0.2 wavelength for 
arrays of two or three elements will require a 
longer director than shown in Table 18-I. Thus 
it can be seen that close-spaced arrays tend to 
work over a narrower frequency range than wide- 
spaced ones, when they are tuned for best per- 
formance. They also result in lower driven- 
element impedance, making them more difficult 
to feed properly. Spacings less than 0.15 wave- 
length are not commonly used in v.h.f. arrays 
for these reasons. 


for V.H.F. Arrays 


the builder wishes to experiment with element 
adjustment, a simple method is shown in Fig. 
18-2. With elements 14-inch or larger diameter 
a piece of the element material can be used. It 
is sawed lengthwise and then compressed to make 
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38" yo SCREW 
: ' 
—= 
19" 
FEED WITH 


~<—— 300-OHM LINE 


SUPPORTS 
ao OR COAXIAL BALUN 


ae 
= 


Fig. 18-4—Dimensions and supporting method for the 
144-Mce. vertical array. 


a tight fit inside the end of the element. 

A readily available material often used for 
elements in arrays for 144 Mc. and higher is 
aluminum clothesline wire. This is a stiff hard- 
drawn wire about \% inch in diameter. It should 
be used in preference to a similar-appearing wire 
commonly sold for TV grounding purposes. The 
latter is too soft to make satisfactory elements if 
the length is more than about two feet. 


A Collinear Array for 144 Mc. 


Where a vertically-polarized array having some 
gain over a dipole is needed, yet directivity is 
undesirable, collinear halfwave elements may be 
mounted vertically and fed in phase, as shown 
in Figs. 18-3 and 18-4. Such an array may have 
3 elements, as shown, or 5. The impedance at the 
center is approximately 300 ohms, permitting it 
to be fed directly with TV-type line, or through 
a coaxial balun, as in the model shown. Either 
52- or 72-ohm line may be employed without 
serious mismatch. 

The array is made from two pieces of aluminum 
clothesline wire about 97 inches long overall. 
These are bent to provide a 38-inch top section, 
a folded-back 40-inch phasing loop, and a 19-inch 
center section. These elements are mounted on 
ceramic pillars, which are fastened to a round 
wooden pole. Small clamps of sheet aluminum 
are wrapped around the elements and screwed to 
the stand-offs. A cheaper but somewhat less 
desirable method of mounting is to use TV 
screw-eye insulators to hold the elements in place. 

Feeding the array at the center with a coaxial 
balun makes a neat arrangement. The balun loop 
may be taped to the vertical support, and the 


coaxial line likewise taped at intervals down 
the mast, The same type of construction can be 
applied to a 220-Mce. vertical collinear array, us- 
ing the lengths for that band given in Table 18-I. 


@ PARASITIC ARRAYS 


Single-bay arrays of 2 to 5 elements are widely 
used in 50-Mc. work. These may be built in 
many different ways, using the dimensions given 
in the table. Probably the strongest and lightest 
structure results from use of aluminum or dural 
tubing (usually 114 to 1% inches in diameter) 
for the boom, though wood is also usable. If the 
elements are mounted at their midpoints there is 
no need to use insulating supports. Usually the 
elements are run through the boom and clamped 
in place in a manner similar to that shown in 
Fig. 18-12. Where a metal boom is used the joints 
between it and the elements must be tight, as 
any movement at this point will result in noisy 
reception. 


2-Element 50-Mc. Array 


The 2-element antenna of Fig. 18-5 was de- 
signed for portable use, but it is also suitable 
for fixed-station work with minor modification. 
The 2-meter array above it is described later. 
The elements are made in three sections, for 
portability, using inserts similar to that shown 
in Fig. 18-2. The driven element is gamma 
matched for coax feed, and the parasitic element 
is a 0.15-wavelength spaced director. Details of 


Fig. 18-5—Two-element 50-Mc. and four-element 144- 

Mc. arrays designed for portable use. Support is sectional 

TV masting clamped to car door handle. Elements of 50- 

Mc. array are made in three sections, for stowing in back 

of car. Antenna for 144 Mc. is cut-down TV array. Both 
use gamma match, as shown in Fig. 18-6. 
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Fig. 18-6—Details of the gamma match for the 50-Mc. 

portable array. In a permanent installation the variable 

capacitor should be mounted in an inverted plastic cup 

or other device to protect it from the weather. The gamma 

arm is about 12 inches long for 50 Mc., 5 inches for 
144 Mc. 


the gamma section, the boom and its supporting 
clamp are shown in Fig. 18-6. The arm is about 12 
inches long, and the capacitor is a 50-uuf. variable. 
Clean, tight connections between the arm and ele- 
ment are important. Where the array is to be 
mounted permanently outdoors the capacitor 
may be protected from the weather by mounting 
it in an inverted plastic cup. More details on this 
array are given in August, 1955, QST. 


3-Element Lightweight Array 


The 3-element 50-Mc. array of Fig. 18-7 weighs 
only 5 pounds. It uses the closest spacing that is 
practical for v.h.f. applications, in order to make 
an antenna that could be used individually or 
stacked in pairs without requiring a cumbersome 
support. The elements are half-inch aluminum 
tubing of 1/16-inch wall thickness, attached to 
the 14-inch dural boom with aluminum castings 
made for the purpose. (Dick’s, 62 Cherry Ave., 
Tiffin, Ohio, Type HASL.) By limiting the ele- 
ment spacing to 0.15 wavelength the boom is only 
6 feet long. Two booms for a stacked array (Fig. 
18-11) can thus be cut from a single 12-foot 
length of tubing. 

The folded-dipole driven element hag 
No. 12 wire for the fed portions. These 
are mounted on %-inch cone standoff 
insulators and joined to the outer ends of 
the main portion by means of metal 
pillars and 6-32 screws and nuts. When 
the wires are pulled up tightly and 
wrapped around the screw, solder should 
be sweated over the nuts and screw ends 
to seal the whole against weather cor- 
rosion. The same treatment should be 
used at each standoff. Mount a soldering 
lug on the ceramic cone and wrap the 
end of the lug around the wire and 
solder the whole assembly together. 
These joints and other portions of the 
array may be sprayed with clear lacquer 
as an additional protection. 

_ The inner ends of the folded dipole 
are 114 inches apart. Slip the dipole 
into its aluminum. casting, and then.. 
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drill through both element and casting with 
a No. 36 drill, and tap with 6-32 thread. Suit- 
able inserts for mounting the stand-offs can 
be made by cutting the heads off 6-32 screws. 
Taper the cut end of the screw slightly with 
a file and it will screw into the standoff readily. 

Cut the dipole length according to Table 18-I, 
for the middle of the frequency range you expect 
to use most. The reflector and director will be 
approximately 4 per cent longer and shorter, 
respectively. The closer spacing of the parasitic 
elements (0.15 wavelength) makes this deviation 
from the dimensions of the table desirable. 

The single 3-element array has a feed im- 
pedance of about 200 ohms at its resonant fre- 
quency. Thus it may be fed with 52-ohm coax 
and a balun. A gamma-matched dipole may also 
be used, as in the 2-element array. If the gamma 
match and 72-ohm coax are used, a balun will 
convert to 300-ohm balanced feed, if Twin-Lead 
or 300-ohm open-wire TV line feed is desired. 
If the dimensions are selected for optimum 
performance at 50.5 Me. the array will show 
good performance and fairly low standing-wave 
ratio over the range from 50 to 51.5 Me. 

A closeup of a mounting method for this or any 
other array using a round boom is shown in 
Fig. 18-8. Four TV-type U bolts clamp the 
horizontal and vertical members together. The 
metal plate is about 6 inches square. If 14-inch 
sheet aluminum is available it may be used alone, 
though the photograph shows a sheet of 1/16- 
inch stock backed up by a piece of wood of the 
same size for stiffening. 


High-Performance 4-Element Array 


The 4-element array of Fig. 18-9 was designed 
for maximum forward gain, and for direct feed 
with 300-ohm balanced transmission line. The 
parasitic elements may be any diameter from 
14 to 1 inch, but the driven element should be 
made as shown in the sketch. The same general 
arrangement may be used for a 3-element array, 
except that the solid portion of the dipole should 


Fig. 18-7—Lightweight 3-element 50-Mc. array. Feedline is 52-ohm 
coax, with a balun for connection to the folded-dipole driven element. 
Balun may be coiled as shown or taped to supporting pipe. 


Parasitic Arrays 


be 34-inch tubing instead of 1l-inch. With the 
element lengths given the array will give nearly 
uniform response from 50 to 51.5 Mce., and usable 
gain to above 52 Me. It may be peaked for any 
portion of the band by using the information in 
Table 18-1. 

If a shorter boom is desired, the reflector spac- 
ing can be reduced to 0.15 wavelength and both 


oe 


Fig. 18-8—Closeup photograph of the boom mounting 
for the 50-Mc. array. A sheet of aluminum 6 inches square 
is backed up by a piece of wood of the same size. TV-type 
U clamps hold the boom and vertical support together at 
right angles. At the left of the mounting assembly is one 
of the aluminum castings for holding the beam elements. 


directors spaced 0.2 or even 0.15 wavelength, 


with only a slight reduction in forward gain and 
bandwidth. “ft 


5-Element 50-Mc. Array 


As aluminum or dural tubing is usually sold in 
12-foot lengths this dimension imposes a practical 
limitation on the construction of a 50-Mc. beam. 
A 5-element array that makes optimum use of a 
12-foot boom may be built according to Table 
18-I. If the aluminum casting method of mount- 
ing elements shown for the 3-element array is 
employed the weight of a 5-element beam can 
be held to under 10 pounds. The gamma match 
and coaxial line are recommended for feeding 
such an array, though a balun and 72-ohm coax 
can be used for the rotating portion of the line, 
converting to balanced feed at the anchor point. 

Elements should be spaced 0.15 wavelength, 
or about 36 inches. With 5 or more elements, 
good bandwidth can be secured by tapering the 
element lengths properly. A dipole 110 inches 
long, with a 116-inch reflector, and directors of 
105, 103 and 101 inches respectively will work 
well over the first two megacycles of the band, 
provided that the s.w.r. is adjusted for optimum 
at 51 Me. 


Long Yagis for 50 Mc. 


With boom lengths greater than about 12 
feet and with more elements than 4, somewhat 
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Fig. 18-9—Details of a 4-element 50-Mc. array designed 

for 300-ohm balanced feed. Element lengths and spacings 

were derived experimentally for optimum performance 
over the first 1.5 megacycles of the band. 


better performance can be obtained by using 
gradually increasing spacing between the direc- 
tors. The 6-element array in Fig. 18-10 is an 
example of this approach. It also employs a 
variation of the gamma match that has mechani- 
cal advantages. The long boom and wide-spaced 
elements give a sharpness of horizontal pattern 
that is not obtainable with the same number of 
elements in a stacked array. 

The long Yagi is not a broadband device. 
This one works well over the first megacycle of 
the band with the following dimensions. Subtract 
2 inches from each element for each megacycle 


Fig. 18-10—A 6-element long Yagi for 50 Mc. and a 16- 

element collinear array for 144 Mc. Both are all-metal 

construction. Each has its own vertical member, which is 

clamped to the rotating vertical pipe that runs down 
through the tower bearing. 


higher. Reflector — 116 inches. Driven element 
— 110.5. First director — 105.5. Second director 
— 104. Third director — 102.75. Fourth director 
— 101.5. Spacings are, from back forward: 36, 
36, 42, 59 and 70 inches. If a longer array is to 
be built each additional director should be 70 
inches from the last. 


Construction ° 


The long Yagi is built similar to the 3-ele- 
ment array of Fig. 18-7 and 18-8, using those same 
castings for mounting the elements. The gus- 
set plate for fastening the boom to the verti- 
cal support is made larger, and four U bolts are 
used on each member instead of two. The array 
is mounted at its center of gravity, rather than 
at its physical center. The boom is braced to 
prevent drooping, at points about 5 feet out from 
the mounting point. Braces are aluminum tubing, 
flattened at the ends, and clamped to the boom 
and the vertical member. Suspension bracing, 
as shown in Fig. 18-10, provides strength with 
lightweight supports. 

The dimensions given require a boom slightly 
more than 20 feet long. This was made up by 
splicing, but if a 20-foot length is available in 
one piece the spacings of the two forward direc- 
tors can be made slightly less, in order to avoid 
splicing. Element spacing is not particularly 
critical, but lengths are fairly so. 


The Gamma Match 


The gamma match is ideal for matching arrays 
fed with coax. The arrangement shown in Fig. 
18-11 combines the adjustable arm with the 
series capacitor, and provides a rugged assembly 
that can be weather-proofed readily. The main 
arm is cut from the same material as the ele- 
ments, 15 inches long. It is supported parallel 
to the driven element by means of two 1-inch 
ceramic standoffs and sheet-aluminum clips. Its 
inner end is connected to the inner conductor of 
a coaxial fitting, mounted on a small bracket 
screwed to the boom. 

The series capacitor, for tuning out the re- 
actance of the matching arm and making con- 
nection to the driven element, is 14-inch rod or 
tubing 14 inches long. It is maintained coaxial 
with the main arm by two polystyrene bushings. 
One is force-fitted to the end of the rod and the 
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other is fitted tightly inside the main arm to 
act as a bearing. These can be made from 
34-inch rod stock, or National Type PRC-1 
forms can be adapted readily to the purpose. A 
clip of sheet aluminum connects the rod and the 
driven element. Be sure that a clean tight con- 
tact is made at this point. 


Adjustment 


Matching requires an s.w.r. bridge. It can 
be done properly in no other way. Mount the 
beam at least a half wavelength above ground 
and clear of trees and wires by at least the same . 
distance. Set the transmitter at a frequency in 
the middle of the range you want to work (50.3 
is a good spot for low-end operation) and adjust 
the position of the clip and the length of the 
rod outside the main arm for minimum s.w.r. 
Move first one variable and then the other until 
zero reflected power is indicated. Tighten the 
clip solidly, tape over the junction between the 
arm and the rod with waterproof tape, and the 
array is ready for use. 


@ 144-MC. PARASITIC ARRAYS 


The main features of the arrays described 
above can be adapted to 144-Me. antennas, but 
the small physical size of arrays for this frequency 
makes it possible to use larger numbers of ele- 
ments with ease. Few 2-meter antennas have less 
than 4 or 5 elements, and most stations use more, 
either in a single bay or in stacked systems. 

Parasitic arrays for 144 Me. can be made 
readily from TV antennas for Channels 4, 5 or 6. 
The relatively close spacing normally used in TV 
arrays makes it possible to approximate the 
recommended 0.2 wavelength at 144 Mc., though 
the element spacing is not a critical factor. A 
4-element array for 144 Mc. made from a Channel 
6 TV Yagi is shown in Fig. 18-5. It is fed with a 
gamma match and 52-ohm coax, and was de- 
signed primarily for portable work. As most 
TV antennas are designed for 300-ohm feed the 
same feed system can be employed for the 2- 
meter array that is made from them. 

If one wishes to build his own Yagi antennas 
from available tubing sizes, the boom of a 2- 
meter antenna should be 34 to 1 inch aluminum 


Fig. 18-11—Details of the 

gamma match used on the 6- 

element 50-Mc. array. Series 

capacitor is formed by sliding 

a rod or tube inside the main 
arm, 


144-Mc. Parasitic Arrays 


or dural. Elements can be 14 to 14-inch stock, 
fastened to the boom as shown in Fig. 18-12. 
Recommended spacing for up to 6 elements is 
0.2 wavelength, though this is not too critical. 
Gamma match feed is recommended for coax, 
or a folded dipole and balun may be used. If 
balanced line is to be used the folded dipole is 


Fig. 18-12—Model showing method of assembling all- 
metal arrays for 144 Mc. and higher frequencies. Dimen- 
sions of clamps are given in Fig. 18-16. 


recommended, the 4 to 1 ratio of conductor 
sizes being about right for most designs. 

Very high gain can be obtained with long Yagi- 
type arrays for 144 Mc. and higher frequencies, 
though the bandwidth of such antennas is con- 
siderably narrower than for those having up to 
4 or 5 elements. The first two directors in long 
Yagis are usually spaced about 0.1 wavelength. 
The third is spaced about 0.2, increasing to 0.4 
wavelength or so for the forward directors. 
Highest gain is obtained when all directors are 
made the same length, but better front-to-back 
ratio and lower side lobe content results if the 
director lengths are tapered 14 to 14 inch per 
director. Tapering the element lengths also widens 
the effective bandwidth. There is more on long 
Yagis in QST for January and September, 1956. 


@ STACKED YAGI ARRAYS 


The gain (in power) obtainable from a single 
Yagi array can be more than doubled by stacking 
two or more of them vertically and feeding them 
in phase. This refers to horizontal systems, of 
course. Vertically-polarized bays are usually 
stacked side by side. The principles to follow 
apply in either case. 

The spacing between bays should be at least 
one-half wavelength, and more is desirable. For 
dipoles or Yagis of up to three elements optimum 
spacing between bays is about 2 wavelength, 
but with longer Yagis the spacing can be in- 
creased to one wavelength or more. Bays of 5 
elements or more, spaced one wavelength, are 
commonly used in antennas for 144 Me. and 
higher frequencies. Optimum spacing for long 
Yagis is about two wavelengths. 


Where half-wave stacking is to be employed, 
the phasing line between bays can be treated as 
a double “Q” section. If two bays, each de- 
signed for 300-ohm feed, are to be stacked a half 
wavelength apart and fed at the midpoint be- 
tween them, the phasing line should have an 
impedance of about 380 ohms. No. 12 wire 
spaced one inch will do for this purpose. The 
midpoint then can be fed either with 300-ohm 
line, or with 72-ohm coax and a balun. 

When a spacing of 54 wavelength between bays 
is employed, the phasing lines can be coax. (The 
velocity factor of coax makes a full wavelength 
of line actually about 5g wavelength physically.) 
The impedance at the midpoint between two 
bays is slightly less than half the impedance of 
either bay alone, due to the coupling between 
bays. This effect decreases with increased spacing. 

When two bays are spaced a full wavelength 
the coupling is relatively slight. The phasing 
line can be any open-wire line, and the impedance 
at the midpoint will be approximately half that of 
the individual bays. Predicting what it will be 
with a given set of dimensions is difficult, as many 
factors come into play. It will usually be of a 
value that can be fed through the combination 
of a “Q”’ section and a transmission line of 300 
to 450 ohms impedance. An adjustable ‘“Q” 
section, or an adjustable stub like the one shown 
in Fig. 18-1, may be used when the antenna 
impedance is not known. 


Fig. 18-13—Stacked array for 50 Mc. using two of the 

3-element bays of Fig. 18-7. Phasing system and flexible 

section for rotation are of coaxial line. A "Q” section 

matches this to 450-ohm open-wire line for run to the 
station. 
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The stacked 3-over-3 for 50 Mc., Fig. 18-13, 
uses a coaxial phasing line and an additional 
section of coax to provide for the flexible portion 
of the feedline. Each bay is fed with a balun and 
halfwave section of RG-8/U cable. These are 
joined at the center between bays with a Tee 
fitting. As each bay has an impedance of 200 
ohms, two 50-ohm leads are paralleled at the 
center, resulting in an impedance of about 20 
ohms, when the coupling effect between bays is 
included. A flexible section of 50-ohm coax one 
wavelength long, with a balun at the end, steps 
this up to about 80 ohms. A ‘“Q”’ section of 14- 
inch tubing 34 inch center to center steps this up 
to the point where it can be fed with 450-ohm 
open-wire TV line. 


The ‘'Twin-Five’’ for 144 Mc. 


A popular stacked array for 144-Me. work is 
the Twin-Five, originally developed by W2PAU }. 
In this design two 5-element arrays of standard 
design are stacked a full wavelength apart. If 
the folded-dipole driven elements are constructed 
so that the individual bays have a feed impedance 
of about 400 ohms the midpoint of the open-wire 
_ phasing line can be fed with 52-ohm coax and a 
balun. Where open-wire line is desired, the im- 
pedances can be matched through a “‘Q”’ section 
of about 300 ohms impedance. If the constructor 
is in doubt as to the actual feed impedance to be 
matched, the stub arrangement of Fig. 18-1 will 
take care of a wide range of impedances and lines 
to be matched. Dimensions can be taken from 
Table 18-I. 

An effective 20-element array can be made by 
using two of these arrays side by side, with full- 
wave spacing horizontally also. The impedance 
at the midpoint of the horizontal phasing line 
will then be about 100 ohms, which is still well 
within the range of “‘Q” sections of practical 
dimensions. 


@ LARGE COLLINEAR ARRAYS FOR 
144 MC. AND HIGHER 


High gain and very broad frequency response 
are desirable characteristics found in curtains of 
half-wave elements fed in phase and backed up by 
reflectors. The reflector can be made up of para- 
sitic elements, or it can be a screen extending 
approximately a quarter wavelength beyond the 
ends of the driven elements. There is not a large 
difference between the two types of reflectors, 
except that higher front-to-back ratio and some- 


what broader frequency response are achieved 


with the plane reflector. 


12- and 16-Element Arrays 


Two collinear systems that may be used on 
144, 220 or 420 Mc. are shown in Figs. 18-14 and 
18-15. Either may be fed directly with 300-ohm 
transmission line, or through coaxial line and a 
balun. In the 12-element array, Fig. 18-14, the 
reflectors are spaced 0.15 wavelength in back of 


ae Brown —‘‘The Wide-Spread Twin-Five’’ CQ, March, 
1950. 
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the driven elements, while the 16-element array, 
Figs. 18-15 and 18-10, uses 0.2 wavelength spac- 
ing. Dimensions may be taken from Table 18-I, 
and figures for the middle of the band will give 
good performance across either band. 


Fig. 18-14—Element arrangement and feed system of 
the 12-element array. Reflectors are spaced 0.15 wave- 
length behind the driven elements. 


The supporting frame for either array may be 
made of wood or metal. Details of a metal support 
for the 12-element array are shown in Figs. 18-16 
and 18-17. Note that all elements are mounted 
at their midpoints, and that no insulators are 
used. The elements are mounted in front of the 
supporting frame, to keep metal out of the field of 
the array. This method is preferable to that 
wherein mechanical balance is maintained 


300 OHM LINE. 


ps 


Fig. 18-15—Schematic drawing of a 16-element array. 
A variable "Q” section may be inserted at the feed point 
if accurate matching is desired. Reflector spacing is 0.2 

wavelength, 


Large Collinear Arrays 


Fig. 18-16—Detail drawings of the clamps used to as- 
semble the all-metal 2-meter array. A, B and C are before 
bending into “U” shape. The right-angle bends should be 
made first, along the dotted lines as shown, then the plates 
may be bent around a piece of pipe of the proper diame- 
ter. Sheet stock should be 'e-inch or heavier aluminum. 


through mounting the driven elements in front 
and the reflectors in back of the supporting 
structure. 

Two 12-element arrays may be mounted one 
above the other and fed in phase, to form a 24- 
element array. This is done in the 420-Mc. array 
of Fig. 18-18. The two midpoints are connected 


Ce Element? 


Fig. 18-17—Supporting framework for a 12-element 
144-Mc. array of all-metal design. Dimensions are as 
follows: element supports (1) 3% by 16 inches; horizontal 
members (2) 3%4 by 46 inches; vertical members (3) % by 
86 inches; vertical support (4) 1'/2-inch diameter, length 
as required; reflector-to-driven-element spacing 12 
inches. Parts not shown in sketch: driven elements 4% by 38 
inches; reflectors % by 40 inches; phasing lines No. 18 
spaced 1 inch, 80 inches long, fanned out to 32 inches at 
driven elements (transpose each half-wave section). 


through a phasing line one wavelength long, and 


the center of this phasing line fed through a 
“Q” section. The.impedance at the midpoint is 
about. 150 ohms, requiring a 255-ohm “‘Q”’ section 
for feeding with 450-ohm open-wire line. 

Combination of collinear arrays may be carried 
further. Pairs of 16-element systems fed in phase 
are common, and even 64-element arrays (4 16- 
element beams fed in phase) are used in some 
leading stations on 144 Me. Configurations of 32 
to 64 elements are not difficult to build and 
support at 220 or 420 Mc. Examples of 16- and 
24-element arrays for 220 and 420 Mc. are shown 
mounted back to back in Fig. 18-18. 


@ ARRAYS FOR 220 AND 420 MC. 


The use of high-gain antenna systems is almost 
a necessity if work is to be done over any great 
distance on 220 and 420 Mc. Experimentation 
with antenna arrays for these frequencies is 
fascinating indeed, as their size is so small as to 
permit trying various element arrangements and 
feed systems with ease. Arrays for 420 Mc., par- 
ticularly, are convenient for study and demon- 
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Fig. 18-18—A 24-element array for 420 Mc. and a 16- 
element for 220 mounted back-to-back on a single support. 


stration of antenna principles, as even high-gain 
systems may be of table-top proportions. 

Any of the arrays described previously may be 
used on these bands, but those having large num- 
bers of driven elements in phase are more readily 
adjusted for maximum effectiveness. 

A 16-element array for 220 Me. and a 24- 
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element array for 420 Mc. are shown mounted 
back-to-back in Fig. 18-18. The 220-Mce. portion 
follows the 16-element design already described. 
It is fed at the center of the system with 300-ohm 
tubular Twin-Lead, matched to the center im- 
pedance of the array through a “‘Q” section of 
 ¢-inch tubing, spaced about 114 inches center to 
center. This spacing was adjusted for minimum 
standing-wave ratio on the line. 

Elements in the array shown are of 4% ¢-inch 
aluminum fuel-line tubing, which is very light in 
weight and easily worked. The supporting struc- 
ture is dural tubing, using the clamp assembly 
methods of Fig. 18-16. 

The 420-Mce. array uses two 12-element as- 
semblies similar to Fig. 18-14, mounted one above 
the other, about one half wavelength separating 
the bottom of one from the top of the other. The 
two sets of phasing lines are joined by one-wave- 
length sections of Twin-Lead at the middle of the 
array. This junction, which has an impedance of 
around 150 ohms, is fed with 300-ohm tubular 
Twin-Lead through an adjustable “‘Q”’ section. 

Elements in the 420-Mce. array are cut from 
thin-walled 14-inch tubing. Their supports are 
the 7; g-inch stock used for the 220-Mc. elements. 
Slots were cut in the ends of these supports to take 
the elements, and a 4—40 screw was run through 
both pieces and drawn up tightly with a nut. The 
horizontal supports were fastened in holes drilled 
in the vertical members, and were also held in 
place with a 6-32 screw and nut. The small size 
and light weight of the 420-Mc. array require no 
clamps to make a strong assembly. 

The two one-wavelength sections of 300-ohm 
line are 2134 inches long, taking the propagation 
factor into account. The ‘“‘Q”’ section may be any 
convenient size tubing, 14 to 1% inch diameter. 
It should be made adjustable, as matching is 
important at this frequency. Dimensions for 
both arrays can be taken from Table 18-I. 

(For an example of stacking several commercial 
220-Mc. beams, see Tilton, ‘A 66-Element 
Stacked-Yagi Array for 220 Mc.,’”’ QST, January, 
1959.) 


@ MISCELLANEOUS ANTENNA 
SYSTEMS 


Coaxial Antennas 


At v.h.f. the lowest possible radiation angle is 
essential, and the coaxial antenna shown in 
Fig. 18-19 was developed to eliminate feeder 
radiation. The center conductor of a 70-ohm 
concentric (coaxial) line is extended one-quarter 
wave beyond the end of the line, to act as the 
upper half of a half-wave antenna. The lower 
half is provided by the quarter-wave sleeve, 
the upper end of which is connected to the outer 
conductor of the concentric line. The sleeve acts 
as a shield about the transmission line and very 
little current is induced on the outside of the line 
by the antenna field. The line is non-resonant, 
since its characteristic impedance is the same as 
the center impedance of the half-wave antenna. 
The sleeve may be made of copper or brass tub- 
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ing of suitable diameter to clear the transmission 
line. The coaxial antenna is somewhat difficult to 
construct, but is superior to simpler systems in its 
performance at low radiation angles. 


Metal 
™, Bod 
Insulator 
He 
~«<— Connected 
poet Fig. 18-19—Coaxial 
Conductor . 
a chaeeei oe antenna. The insulated 
line inner conductor of the 
M, 70-ohm concentric line 
4 is connected to the 
Metal quarter-wave metal 
Sleeve rod which forms the 
upper half of the an- 
tenna. 
70-ohm 
concentric. 
line 


Broadband Antennas 


Certain types of antennas used in television 
are of interest because they work across a wide 
band of frequencies with relatively uniform 
response. At very-high frequencies an antenna 
made of small wire is purely resistive only over 
a very small frequency range. Its Q, and there- 
fore its selectivity, is sufficient to limit is op- 
timum performance to a narrow frequency range, 
and readjustment of the length or tuning is re- 
quired for each narrow slice of the spectrum. 
With tuned transmission lines, the effective 
length of the antenna can be shifted by retuning 
the whole system. However, in the case of an- 
tennas fed by matched-impedance lines, any 
appreciable frequency change requires an actual 
mechanical adjustment of the system. Otherwise, 
the resulting mismatch with the line will be 
sufficient to cause significant reduction in power 
input to the antenna. 

A properly designed and constructed wide- 
band antenna, on the other hand, will exhibit 
very nearly constant input impedance over 
several megacycles. 

The simplest method of obtaining a broad- 
band characteristic is the use of what is termed 
a “cylindrical” antenna. This is no more than 
a conventional doublet in which large-diameter 
tubing is used for the elements. The use of a 
relatively large diameter-to-length ratio lowers 
the Q of the antenna, thus broadening the reso- 
nance characteristic. 

As the diameter-to-length ratio is increased, 
end effects also increase, with the result that 
the antenna must be made shorter than thin- 


Miscellaneous Antenna Systems 


wire antenna resonating at the same frequency. 
The reduction factor may be as much as 20 per 
cent with the tubing sizes commonly used for 
amateur antennas at v.h.f. 


Plane-Reflector Arrays 


At 220 Me. and higher, where their dimensions 
become practicable, plane-reflector arrays are 
widely used. Except as it affects the impedance 
of the system, as shown in Fig. 18-20, the spacing 
between the driven elements and the reflecting 
plane is not particularly critical. Maximum gain 
occurs around 0.1 to 0.15 wavelength, which is 
also the region of lowest impedance. Highest 
impedance appears at about 0.3 wavelength. A 
plane reflector spaced 0.22 wavelength in back of 
the driven elements has no effect on their feed 
impedance. As the gain of a_plane-reflector 
array is nearly constant at spacings from 0.1 
to 0.25 wavelength, it may be seen that the 
spacing may be varied to achieve an impedance 
match. 

An advantage of the plane reflector is that it 
may be used with two driven element systems, 
one on each side of the plane, providing for two- 
band operation, or the incorporation of horizontal 
and vertical polarization in a single structure. 
The gain of a plane-reflector array is slightly 
higher than that of a similar number of driven 
elements backed up by parasitic reflectors. It also 
has a broader frequency response and higher 
front-to-back ratio. To achieve these ends, the 
reflecting plane must be larger than the area of 
the driven elements, extending at least a quarter 
wavelength on all sides. Chicken wire on a wood 
or metal frame makes a good plane reflector. 
Closely spaced wires or rods may be substituted, 
with the spacing between them running up to 0.1 
wavelength without appreciable reduction in ef- 
fectiveness, s 


Cone Antennas 


From the cylindrical antenna various spe- 
cialized forms of broadly resonant radiators 
have been evolved, including the ellipsoid, 
spheroid, cone, diamond and double diamond. 
Of these, the conical antenna is perhaps the 
most interesting. With large angles of revolu- 
tion, the variation in the characteristic imped- 
ance with changes in frequency can be reduced 
to a very low value, making such an antenna 
suitable for extremely wide-band operation. The 


cone may be made up either of sheet metal or of . 


multiple wire spines. A variation of this form of 
conical antenna is widely used in TV reception. 


Corner Reflectors 


In the corner reflector two plane surfaces are 
set at an angle, usually between 45 and 90 de- 
grees, with the antenna on a line bisecting this 
angle. Maximum gain is obtained with the an- 
tenna 0.5 wavelength from the vertex, but com- 
promise designs can be built with closer spacings. 
There is no focal point, as would be the case for a 
parabolic reflector. Corner angles greater than 90 
degrees can be used at some sacrifice in gain, At 


less than 90 degrees the gain increases, but the 
size of the reflecting sheets must be increased to 
realize this gain. 

At a spacing of 0.5 wavelength from the vertex, 
the impedance of the driven element is approxi- 
mately twice that of the same dipole in free space. 
The impedance decreases with smaller spacings 
and corner angles, as shown in Fig. 18-20. The 
gain of a corner-reflector array with a 90-degree 
angle, 0.5 wavelength spacing and sides one wave- 
length long is approximately 10 db. Principal 
advantages of the corner reflector are broad fre- 
quency response and high front-to-back ratio. 


DIPOLE IMPEDANCE—OHMS 


“p” IN| WAVELENGTHS 


Fig. 18-20—Feed impedance of the driven element in 

a corner-reflector array for corner angles of 180 (flat 

sheet), 90, 60 and 45 degrees. "D”’ is the dipole-to-vertex 
spacing. 


Parabolic Reflectors 


A plane sheet may be formed into the shape 
of a parabolic curve and used with a driven 
radiator situated at its focus, to provide a highly 
directive antenna system. If the parabolic re- 
flector is sufficiently large so that the distance 
to the focal point is a number of wavelengths, 
optical conditions are approached and the wave 
across the mouth of the reflector is a plane wave. 
However, if the reflector is of the same order of 
dimensions as the operating wavelength, or less, 
the driven radiator is appreciably coupled to the 
reflecting sheet and minor lobes occur in the pat- 
tern. With an aperture of the order of 10 or 20 
wavelengths, sizes that may be practical for micro- 
wave work, a beam width of approximately 5 
degrees may be achieved. 

A reflecting paraboloid must be carefully de- 
signed and constructed to obtain ideal per- 
formance. The antenna must be located at the 
focal point. The most desirable focal length of 
the parabola is that which places the radiator 
along the plane of the mouth; this length is 
equal to one-half the mouth radius. At other 
focal distances interference fields may deform 
the pattern or cancel a sizable portion of the 
radiation. 
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CHAPTER 19 


Mobile and Portable- 
Emergency Equipment 


The amateur who goes in for mobile opera- 


tion will find plenty of room for exercising his 
individuality and developing original ideas in 
equipment. Each installation has its special 
problems to be solved. 

Most mobile receiving systems are designed 
around the use of a h.f. converter working into 
a standard car broadcast receiver tuned to 
1500 ke. which serves as the i. and audio 
amplifiers. The car receiver is modified to take 
a noise limiter and provide power for the 
converter. 

While a few mobile transmitters may run an 
input to the final amplifier as high as 100 watts 
or more, an input of about 30 watts normally is 
considered the practical limit unless the car is 
equipped with a special battery-charging sys- 
tem. The majority of mobile operators use phone. 

In contemplating a mobile installation, the 
car should be studied carefully to determine 
the most suitable spots for mounting the 
equipment. Then the various units should be 
built in a form that will make best use of that 
space. The location of the converter should 
have first consideration. It should be placed 
where the controls can be operated conven- 
iently without distracting attention from the 
wheel. The following list suggests spots that 
may be found suitable, depending upon the 
individual car. 


On top of the instrument panel 

Attached to the steering post 

Under the instrument panel 

In a unit made to fit between the lower lip 
of the instrument panel and the floor at 
the center of the car 


The transmitter power control can be 
placed close to the receiver position, or in- 
cluded in the converter unit. This control 
normally operates relays, rather than to switch 
the power circuit directly. This permits a 


minimum length of heavy-current battery 
circuit. Frequency within any of the phone 
bands sometimes is changed remotely by 
means of a_ stepping-switch system that 
switches crystals. In most cases, however, it is 
necessary to stop the car to make the several! 
changes required in changing bands. 
Depending upon the size of the transmitter 
unit, one of the following places may be found 
convenient for mounting the transmitter 


In the glove compartment 

Under the instrument panel 

In a unit in combination with or without 
the converter, built to fit between the 
lower edge of the instrument panel and 
the floor at the center 

On the ledge above the rear seat 

In the trunk 


Most mobile antennas consist of a vertical whip 
with some system of adjustable loading for the 
lower frequencies. Power supplies are of the 
vibrator, motor-generator, or transistor type 
operating from the car storage battery. 

Units intended for use in mobile installa- 
tions should be assembled with greater than 
ordinary care, since they will be subject to 
considerable vibration. Soldered joints should 
be well made and wire wrap-arounds should 
be used to avoid dependence upon the solder 
for mechanical strength. Self-tapping screws 
should be used wherever feasible, otherwise 
lock-washers should be provided. Any shafts 
that are normally operated at a permanent or 
semi-permanent setting should be provided 
with shaft locks so they cannot jar out of ad- 
justment. Where wires pass through metal, 
the holes should be fitted with rubber grom- 
mets to prevent chafing. Any cabling or wiring 
between units should be securely clamped in 
place where it cannot work loose to interfere 
with the operation of the car. 


Noise Elimination 


Klectrical-noise interference to reception in a 
car may arise from several different sources. As 
examples, trouble may be experienced with igni- 
tion noise, generator and voltage-regulator hash, 
or wheel and tire static. 


A noise limiter added to the car broadeast re- | 


ceiver will go far in reducing some types, espe- 
cially ignition noise from passing cars as well as 
your own. But for the satisfactory reception of 
weaker signals, some investigation and treat- 
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ment of the car’s electrical system will be 
necessary. 


Ignition Interference 


Fig. 19-1 indicates the measures that may be 
taken to suppress ignition interference. The 
capacitor at the primary of the ignition coil 
should be of the coaxial type; ordinary types are 
not effective. It should be placed as close to the 
coil terminal as possible, In stubborn cases, two 


Noise Elimination 


of these capacitors with an r.f. choke between 
them may provide additional suppression. The 
size of the choke must be determined experi- 
mentally. The winding should be made with 
wire heavy enough to carry the coil primary 
current. A 10,000-ohm suppressor resistor should 
be inserted at the center tower of the distributor, 
a 5000-ohm suppressor at each spark-plug tower 
on the distributor, and a 10,000 ohm suppressor 
at each spark plug. The latter may be built-in or 
external. A good suppressor element should be 
molded of material having low capacitance. 
Several concerns manufacture satisfactory sup- 
pressors. In extreme cases, it may be neces- 
sary to use shielded ignition wire. Suppressor 
ignition wire kits having the resistance distrib- 
uted throughout the length of the wire are availa- 
ble from some automobile supply dealers. Dis- 
tributed resistance of this type is somewhat 
superior to lumped resistance and may be used 
if the lead lengths are right to fit your car. They 
should not be cut, but used as they are sold. 


COAXIAL - «uf. 


ROTOR GAP 


IGNITION 
coil 


BREAKER 
POINTS > 


10000 N SPARKPLUG 
SUPPRESSOR 


SPARK Beet 


Fig. 19-1 —Ignition system with recommended suppres- 
sion methods. 


Generator Noise 


Generator hash is caused by sparking at the 
commutator. The pitch of the noise varies with 
the speed of the motor. This type of noise may be 
eliminated by using a 0.1- to 0.25-uf. coaxial 
capacitor in the generator armature circuit. 
This capacitor should be mounted as near the 
armature terminal as possible and_ directly 
on the frame of the generator. 

To reduce the noise at 28 Mc., it may be neces- 
sary to insert a parallel trap, tuned to the middle 
of the band, in series with the generator output 
lead. The coil should have about 8 turns of No. 10 
wire, space-wound on a 1-inch diameter and 
Should be shunted with a 30-uuf. mica trimmer. 
It can be pretuned by putting it in the antenna 
lead to the home-station receiver tuned to the 
middle of the band, and adjusting the trap to the 
point of minimum noise. The tuning may need to 
be peaked up after installing in the car, since it is 
fairly critical. 


Voltage-Regulator Interference 


In eliminating voltage-regulator noise, the use 
of two coaxial capacitors, and a resistor-mica- 
capacitor combination, as shown in Fig. 19-2, 
are effective. A 0.1- to 0.25-uf. coaxial capacitor 
should be placed between the battery terminal of 
the regulator and the battery, with its. case well 


grounded. Another capacitor of the same size 
and type should be placed between the generator 
terminal of the regulator and the generator. A 
0.002-uf. mica capacitor with a 4-ohm carbon 
resistor in series should be connected between the 
field terminal of the regulator and ground. Never 
use a capacitor across the field contacts or be- 
tween field and ground without the resistor in 
series, since this greatly reduces the life of the 
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Fig. 19-2—The right way to install bypasses to reduce 

interference from the regulator. A capacitor should never 

be connected across the generator field lead without 
the small series resistor indicated. 


regulator. In some cases, it may be necessary to 
pull double-braid shielding over the leads between 
the generator and regulator. It will be advisable 
to run new wires, grounding the shielding well at 
Joth ends. If regulator noise persists, it may be 
necessary to insulate the regulator from the car 
body. The wire shielding is then connected to 
the regulator case at one end and the generator 
frame at the other. 


Wheel Static 


Wheel static shows up as a steady popping 
in the receiver at speeds over about 15 m.p.h. 
on smooth dry streets. Front-wheel static col- 
lectors are available on the market to elim- 
inate this variety of interference. They fit 
inside the dust cap and bear on the end of the 
axle, effectively grounding the wheel at all 
times. Those designated particularly for your 
car are preferable, since the universal type 
does not always fit well. They are designed to 
operate without lubrication and the end of the 
axle and dust cap should be cleaned of grease 
before the installation is made. These collectors 
require replacement about every 10,000 miles. 

Rear-wheel collectors have a brush that 
bears against the inside of the brake drum. It 
may be necessary to order these from the fac- 
tory through your dealer. . 


Tire Static 

This sometimes sounds like a leaky power 
line and can be very troublesome even on the 
broadcast band. It can be remedied by injecting 
an antistatic powder into the inner tubes 
through the valve stem. The powder is. mar- 
keted by General Cement and possibly others. 
General Cement dealers can also supply. a .con- 
venient injector for inserting the powder. 
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Tracing Noise 


To determine if the receiving antenna is 
picking up all of the noise, the shielded lead-in 
should be disconnected at the point where it 
connects to the antenna. The motor should be 
started with the receiver gain control wide 
open. If no noise is heard, all noise is being 
picked up via the antenna. If the noise is still 
heard with the antenna disconnected, even 
though it may be reduced in strength, it indi- 
cates that some signal from the ignition system 
is being picked up by the antenna transmission 


uf 
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Fig. 19-3—Diagrams showing addition of noise limiter 
to car receiver. A—Usual circuit. B— Modification. 

Ci, Cs—100-pyyf. mica. 

Co, C1, Co—0.01-p:f. paper. 

Cs—0.1-uf. paper. 

Ri: — 47,000 ohms. 

Re, Rio— 1 megohm. 

R3—2 megohm. 

R7, Rs, R3—0.47 megohm. 

R4—10 megohms. 

Rs—%4 megohm. 

Re—0.1 megohm. 

Ti—L.f. transformer. 

Vi—Second detector. 


line. The lead-in may not be sufficiently-well 
shielded, or the shield not properly grounded. 
Noise may also be picked up through the battery 
circuit, although this does not normally hap- 
pen if the receiver is provided with the usual 
r.f.-choke-and-bypass capacitor filter. 

In case of noise from this source, a direct wire 
from the “hot” battery terminal to the receiver 
is recommended. 


462 


19— MOBILE EQUIPMENT 


Ignition noise varies in repetition rate with 
engine speed and usually can be recognized by 
that characteristic in the early stages. Later, 
however, it may resolve itself into a popping 
noise that does not always correspond with 
engine speed. In such a case, it is a good idea to 
remove all leads from the generator so that the 
only source left is the ignition system. 

Regulator and generator noise may be de- 
tected by racing the engine and cutting the 
ignition switch. This eliminates the ignition 
noise. Generator noise is characterized by its 
musical whine contrasted with the ragged raspy 
irregular noise from the regulator. 

With the motor running at idling speed, or 
slightly faster, checks should be made to try to de- 
termine what is bringing the noise into the field of 
the antenna. It should be assumed that any con- 
tro] rod, metal tube, steering post, etc., passing 
from the motor compartment through an insu- 
lated bushing in the firewall will carry noise to a 
point where it can be radiated to the antenna. 
All of these should be bonded to the firewall 
with heavy wire or braid. Insulated wires can 
be stripped of r.f. by bypassing them to ground 
with 0.5-uf. metal-case capacitors. The follow- 
ing should not be overlooked: battery lead at 
the ammeter, gasoline gauge, ignition switch, 
headlight, backup and taillight leads and the wir- 
ing of any accessories running from the motor 
compartment to the instrument panel or outside 
the car. 

The firewall should be bonded to the frame 
of the car and also to the motor block with heavy 
braid. If the exhaust pipe and muffler are in- 
sulated from the frame by rubber mountings, 
they should likewise be grounded to the frame 
with flexible copper braid. 


Noise Limiting 

Tig. 19-3 shows the alterations that may be 
made in the existing car-receiver circuit to 
provide for a noise limiter. The usual diode- 
triode second detector is replaced with a type 
having an extra independent diode. If the car 
receiver uses octal-base tubes, a 6S8GT may 
be substituted. The 7X7 is a suitable replace- 
ment in receivers using loktal-type tubes, 
while the 6T8 may be used with miniatures. 

The switch that cuts the limiter in and out 
of the circuit may be located for convenience 
on or near the converter panel. Regardless of 
its placement, however, the leads to the switch 
should be shielded to prevent hum pick-up. 

Several other noise limiter circuits are de- 
scribed in ARRUL’s publication, The ALobile 
Manual For Radio Amateurs. The Mobile Manual 
also describes an audio squelch system. The latter 
is a simple circuit designed to suppress receiver 
background noise in the absence of a signal. It 
does not, however, function as a noise limiter 
when the receiver is tuned to a signal. 

At least one manufacturer (Gonset) produces a 
complete noise limiter unit. The unit is mounted 
external to the main chassis and takes operating 
voltages from the receiver. 


A Converter 


A Mobile Converter for 3.5 through 28 Mc. 


Figures 19-4 through 19-7 show a crystal-con- 
trolled converter covering 3.5 through 28 Me. 
without complex band switching or gang-tuned 
circuits. Plug-in coil assemblies provide rapid 
band changing and allow construction for either 
single-band or multiband operation. The con- 
verter uses the car broadcast receiver as a tunable 
i.f. amplifier. 

Plate power requirements for the converter 
are approximately 20 milliamperes at 200 to 250 
volts. This means that the unit can be supplied 
from the car-receiver power pack without over- 
loading it. 


The Circuit 


The circuit diagram of the converter is shown 
in Fig. 19-5. A 6BZ6 is used in the r.f. amplifier, 
and a 12AT7 operates as a mixer-oscillator. The 
oscillator is crystal-controlled and works on the 
low-frequency side of the signal frequency. J, 
Jo, and J3 are the antenna-input, mixer-output 
and power jacks, respectively. S; performs the 
switching in changing over from ham-band to 
broadcast input. Si4 and Sjp shift the antenna 
from the converter input circuit to the car 
receiver, and Sic is the heater on-off switch. 

Since the tuning of the converter is fixed, the 
circuits of the r.f. amplifier and the mixer must 
be broadbanded to pass all frequencies in any 
ham band. A slug-tuned coil, L3, is used in the 
amplifier plate circuit, and RFC, provides a 
broad-band plate load for the mixer tube Vaa. 
The grid circuit of the amplifier also uses a slug- 
tuned coil and includes a trimmer capacitor, C4, 
that permits peaking the input for the antenna 
in use, or in tuning completely across a band. 
A slug-cored coil is used at Ly, to facilitate reso- 
nating the circuit near the crystal frequency. 

The frequency of the oscillator must differ 
from the frequency of the received signal by the 
frequency of the tunable i.f. amplifier. With the 
car broadcast receiver following the converter, 
the i.f. range will be from approximately 550 to 
1550 ke. Since the tunable if. range is thus 
limited to a band 1000 ke. wide, the tuning range 


Fig. 19-4—The aluminum case for the converter meas- 
ures 3 X 4 X 5 inches (Bud CU-3005 or Premier AMC- 
1005). Amphenol type 86-CP4 male jacks mounted on 
the front of the box mate with MIP 4-prong sockets 
mounted on the rear of the coil compartment shown in 
the foreground. Knobs for Ci and S; are to the left and 
right, respectively, of the pilot lamp. The coil box meas- 
ures 2¥%4 X 2% X_ 5 inches (Bud CU-3004 or Premier 
AMC-1004). Slug-adjustment screws for Lz, L3 and L4 
protrude through rubber grommets mounted on the 
front wall of the plug-in coil assembly. 


of the system with any single crystal will be 
restricted to 1 Mc. This is sufficient for all except. 
the 28-Mc. band. Two crystals are required to 
cover the entire 10-meter band. The first of these 
gives a tuning range of 28 to 28.9 Mc. and the 
second permits tuning 28.8 to 29.7 Me. An 
accompanying frequency chart lists the crystal 
frequencies and the ranges over which the broad- 
cast receiver must be tuned to cover the amateur 
bands. 


Construction 


The input-tuning capacitor, Cy, the pilot lamp 
and the switch are in line across the panel of the 
converter as shown in Fig. 19-4. Each of these 
components is centered 34 inch down from the 
top of the case and each is separated from the 
other in horizontal plane by 134 inches. The 
male jacks for the grid, plate and oscillator coils 
are below Cj, J; and Sj in that order. Each jack is 
centered 11% inches up from the bottom of the 
cabinet. 

The chassis, shown in Fig. 19-7, may be made 
of thin aluminum sheet and should be fastened 
to the side walls of the cabinet with homemade 
brackets, or angle stock. The sockets for Vy 
(at the right as seen in the rear view) and V2 
are centered 15 inches in from the right and 
left edges of the chassis, respectively. J3 is cen- 
tered on the rear wall of the chassis with J; and 
J to the right and left. 

A bottom view of the converter clearly shows 
the components mounted below deck. 

The exterior and the interior of the coil box 
are shown in Figs. 19-4 and 19-7. Wind the 
antenna coupling coils, L; in Fig. 19-5, around 
the ground ends of the grid coils before the latter 
are soldered in place. Wind the coupling coils 
rather snugly but not so tightly as to prevent 
adjustment of the coupling to LZ during testing 
of the converter. 


6-VOLT HEATER CIRCUIT 
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14] SEE TEXT 


¥2-VOLT HEATER CIRCUIT 


Fig. 19-5—Circuit diagram of the crystal-controlled mobile converter. Unless other- 
wise indicated, capacitances are in uuf., resistances are in ohms, resistors are /2 watt. 


Ci—35-uuf. midget variable (Hammarlund MAPC- 
35-B). 

Co, Cs—100-uyf. ceramic tubular. 

C4, Cs, Ce, C7 —1000-uyf. disk ceramic. 

Cs—0.01-yf. disk ceramic. 

li—Pilot-light assembly [Johnson 147-503 with No. 44 

*(6-volt) or No. 1815 (12-volt) lamp]. 

Ji, J2—Motorola-type shielded jack (ICA 2378). 

J3—4-prong male chassis connector (Cinch-Jones P- 
304-AB). 

Li, Lo, Ls, La—See coil chart. 


An a.c. transformer may be used for the fila- 
ments while testing the converter. The plate sup- 
ply should deliver 20 milliamperes at 200 to 250 
volts. A modulated-signal generator covering the 
bands for which the converter has been con- 
structed is extremely helpful. To be most effec- 
tive, the generator should have a 50-ohm output 
termination. A grid-dip meter for preliminary 
adjustment of the slug-tuned coils is useful, but 
not essential to alignment. If at all possible, the 
car receiver that is to be used as the tunable i.f. 
should be used during the testing. 

Using coaxial-cable leads, connect the signal 
generator and the broadcast receiver to J; and 
Jo, respectively. Switch S;, to the ham-band 
position, and apply heater power. The receiver 
need not be turned on at this time, and plate 
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Ri —180 ohms, 2 watt. 

R2— 22,000 ohms, Y2 watt. 

Rs—2200 ohms, 2 watt. 

Rs—1 megohm, 2 watt. 

Rs—0.1 megohm, 2 watt. 

Re—33,000 ohms, 2 watt. 

RFC;—10-mh. r.f. choke (National R-100S). 

Si—3-pole 3-position (used as 3 p.d.t.) selector switch 
(Centralab PA-1007). 

Yi—See text and frequency chart (International Crytals 
type FA-9). 


power for the converter does not have to be 
applied. Now, rotate C, to approximately half 
capacitance and then adjust Lz to resonance (use 
the grid-dip meter as the indicator) at the low 
end of the band. Move the grid-dipper over to 
the plate circuit of the amplifier and peak L3 at 
the center of the band. Next, couple the meter to 
Ls of the oscillator and tune the coil to the fre- 
quency of the crystal in use. 

After these initial adjustments, plate power 
may be applied to the converter and a frequency- 
indicating device used to detect oscillation of 
Vor. If the grid-dip meter is the self-rectifying 
type it may be used for the check. An absorption- 
type wavemeter with indicator or a receiver 
tuned to the crystal frequency (with the b.f.o. 
on) may also be used for the purpose. In any 


Fig.. 19-6—A. bottom view of the mobile converter. The 
amplifier tube socket af the right is mounted with Pin 
7 facing toward the rear wall of the chassis. Ri and Re - 
are to the right and left of the socket, respectively. 
The socket for V2 is mounted with Pins 4 and 5 facing 
toward the rear of the unit. Co is to the lower left of Ro, 
and RFC; is mounted on the front wall of the housing. 
C; and R¢ are to the left of the base of the choke. Ce, 
Cs and Rg are to the right of RFC:. The output coupling 
capacitor Cz is supported between Terminal 4 of Js 
and Pin 6 of the socket for V2. Ri and Rs are partially 
visible to the right and left, respectively, 
of the V2 socket. 
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Cort CHART FOR THE MosBite CONVERTER 


Band Turns Ind. Range, uh. Type No 
Me. Ly Le Lz I4 Lo Lz | li 

3.5-4 14 36-64 64-105 105-200 120-F 120-G 120-H 
7-7.3 rs 9-18 18-36 36-64 120-D 120-E 120-F 
14-14.35 4 3-5 5-9 9-18 120-B 120-C 120-D 
21-21.45 3 2-3 ts 3-5 120-A 120-B 120-B 
28-28 .9 3 1-1.6 1.6-2.7 | 2.7-4.5 1000-A 1000-B 1000-C 
28 .8-29.7 3 1-1.6 1.6-2.7 | 2.7-4.5 1000-A 1009-B 1000-C 


Note: L; is wound with No. 28 d.c.c. wire at grounded end of Le. Le, L3 and La are slug-tuned 
cous manufactured by North Hills Electric Co., Inc. (Mineola, L.I.) 


event, £4 should be tuned through resonance to 
the high-frequency side of the crystal frequency 
until the crystal oscillates reliably as indicated 
by rapid starting when plate power is turned on. 

With the converter and the 1.f. amplifier both 
turned on, and with the signal generator tuned to 
the center of the band, tune the receiver until the 
test signal is heard. Peak Lg and Ly for best 
response and then peak Ly with Cy set at half 
capacitance. The coupling between Ly, and Lo 
may now be adjusted for optimum performance. 

If the aforementioned test equipment is not 
available, the converter may be aligned while 
using a strong local of known frequency as the 
signal source. Of course, the signal frequency 
must be in the band for which the converter is to 
be aligned. In using this system, first set the 
broadeast receiver as closely as possible to the 
proper 1.f. frequency (see the frequency chart) 
and then tune Ly, until the crystal oscillates. It is 
advisable to tune the receiver through a narrow 
range as the oscillator coil is being adjusted to 
assure that the test signal will be heard as soon as 
the erystal breaks into oscillation. After the signal 
is detected, the grid, plate and oscillator circuits 
may be adjusted for maximum over-all gain. 

The mobile antenna should be resonant and 
tightly coupled to the converter. Traps for sup- 
pressing interference cause by strong local broad- 
cast signals that feed in through the converter 
to the tunable i.f. have not been included in the 
converter because the need for them will be 
‘entirely dependent on local broadeast-station 
power and frequency assignments. 

(Originally described in QST’,, Nov. 1957). 


Fig. 19-7—Homemade L-shaped chassis, mounted on 
small brackets fastened to the side walls of the converter 
housing, is 4'%6 inches long, 2 inches wide and 1 inches 
deep. Vi is mounted on the chassis to the right of V2 
as seen in this rear view. Ji, Jz and Jz are in line in that 
order from right to left across the rear wall of the chassis. 
An interior view of a coil compartment is shown in the 
foreground. Terminals of the coils are soldered directly 
to the socket terminals. Notice that the crystal for the 
oscillator is mounted adjacent to La. 


FREQUENCY CHART FOR THE MOBILE 


CONVERTER 
Band Crystal I.F. Range 
Me. Freq., Me. Ke 

3 .5-4 2.9 650~1100 

7-7.3 6.4 600-900 
14-14.35 13.4 600-950 
21-21 .45 20.4 600-1050 
28-28 .9 oh 600-1500 | 
28 . 8-29 .7 28 .2 600-1500 
Note: I.f. range indicates broadcast 


receiver tuning range necessary for cover- 
ing the associated amateur frequencies. 


(For a description of a bandswitching crystal- 
controlled converter, see QST, January, 1955, or 
The Mobile Manual for Radio Amateurs.) 
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Transistor Mobile Converter 


The crystal-controlled converter shown in 
Fig. 19-8 is a compact, fixed-tuned converter 
which exhibits excellent performance when used 
with the automobile receiver. It is designed for 
one-band operation but may be constructed for 
any amateur band between 80 and 10 meters. 

All of the components, including the power 
supply for the converter, are housed in a 5144 X 
3 xX 2'%-inch Minibox that can be mounted 
under the dashboard of the car. The unit is 
built in one half of the box so that it may be 
“dropped”? for servicing or adjustment while 
the other half remains mounted to the dash. 

Only two external connections to the con- 
verter are necessary. A coax lead from the an- 


.tenna must go to the antenna input of the unit, 


and an output coax connection to the car radio. 

The circuit for the converter is shown in 
Fig. 19-9. The oscillator circuit is a transistorized 
version of the triode Pierce. Injection for the 
mixer is taken from a small link wound over 
the cold end of the collector tank coil. The 
emitter of the mixer transistor is returned to 
ground through this link. The mixer circuit 
corresponds to a triode vacuum-tube mixer 
utilizing cathode injection from the oscillator, 
the major difference being the low input imped- 
ance of the transistor base as compared with 
the relatively high input impedance of a vac- 
uum-tube grid. 

The crystal frequency used in the oscillator 
portion of the converter is given in the tuned 
circuit data table. On 30 aud 21 Mc., the crystal 
is operated at its third overtone and on the 
lower bands the fundamental mode is used. 

The inductances are wound on _ slug-tuned 
forms and shunted with the capacitances shown 
in the tuned circuit data table. 

The circuit shows a crystal diode connected 
from the high impedance end of LZ, to cell Bo. 
This gives a measure of protection for the mixer 
transistor in the event that an excessive amount 
of r.f. energy is introduced into the converter. 
When a signal greater in voltage than Bo ap- 
pears across Ly, the diode will conduct and short 
the excess r.f. to ground. 


Power Supply 


The converter requires about 8 volts d.c. for 


operation and takes on the order of 3 ma. of 
current. A built-in battery supply serves two 
important purposes. First, it eliminates one of 
the prime sources of ignition interference, since 
various noises from the electrical system of the 
car can be carried into the converter via the 
leads from the car battery. Also, with a self- 


TUNED CIRCUIT DATA FOR 
THE TRANSISTOR CONVERTER 


Ci C2 
wf. | wut. 


28 In, 12 turns 15 15 
Mc.* No. 20 enam. 
Tap at 4th turn. 
Le, 2 turns 
No. 20 enam. 
Ls, 12 turns 
No. 20 enam. 
La, 2 turns 
No. 24 enam. 


LF. 
Range 


Crystal 


Band Coil Freq. 


27.85 
Me. 


650-1600 
ke. 


650-1100 
ke. 


21 Ii, 15 turns 15s \A6 
Me. No. 20 enam. 
Tap at 5th turn. 
Le, 3 turns 
No. 20 enam. 
L3, 15 turns 
No. 20 enam. 
L4, 2 turns 
No. 24 enam. 


650-1000 
ke. 


14 I, 23 turns 15 | 15 
Me. No. 24 enam. 
Tap at 6th turn. 
Lz, 5 turns 
No. 24 enam. 
L3, 26 turns 
No. 24 enam. 
La, 3 turns 
No. 24 enam. 


i: Ly, 35 turns Dom tOo 
No. 28 enam. ke. 
Tap at 10th turn. 

Lo, 6 turns 
No. 28 enam. 

Lz, 40 turns 
No. 28 enam. 

La, 4 turns 
No. 28 enam. 


4 In, 52 turns 40 | 40 
No. 34 enam. ke. 
Tap at 13th turn. 
L2, 8 turns 

No. 34 enam. 
L3, 72 turns 

No. 34 enam. 
La, 5 turns 

No. 34 enam. 


650-950 
ke. 


650-1150 
ke. 


* 28.5 to 29.45 Mc. 

All coils close-wound on 14-inch diam. slug-tuned (iron slug) forms. 
Tap on L; to be made near cold end of coil. Z2 wound over cold end 
of Li. 


Fig. 19-8—View of the transistorized converter. The va- 
riable output capacitor Cs is mounted on the right front 
panel. Directly behind Cz is the 8.4 volt mercury battery 
B; held in place by a bracket which is sold in most hard- 
ware stores as a broom holder. The two transistors are 
the round black objects in the center. They are supported 
by their own leads which are soldered to tie points. The 
converter shown here operates on 10 meters. 


Transistor Mobile Convertor 


Fig. 19-9—Circuit of the transistorized converter. 


CR, 
Bt 
easCONMn Shas “1 
Jj 1A 0 
aN A 0 
ANT. S77 B.C.) bese 


Bi—8.4 volt mercury transistor battery (RCA VS31 2). 

B2— 1.5 volt penlite cell. 

CRi—High back-resistance crystal diode (1N54A) 

Ci, Co—Silver mica or NPO ceramic; see the tuned 
circuit data table for values. 

C3—.005 uf. ceramic. 

Ca—365 yf. variable capacitor (Allied Radio Co. 
61-H-009). 

Ji, J2—Automobile type antenna connectors. 

Li, Ls, inc.—See coil table. 

ls—320-500 wh. slug tuned coil (Miller 4514). 

Le—10 turns No. 30 enam. close-wound over Ls. 

Q:, Q2a—2N247 transistors. 


contained battery it is unnecessary to make 
any power-supply connections either to the car 
receiver or car battery. This saves considerable 
time during installation and makes the unit 
readily adaptable to portable operation. 
Wiring 

No. 30 wire is adequate for wiring because of 
the small current and voltage requirements of 
the converter. Spaghetti should be used over 
exposed leads that might come in contact with 
other parts because of the vibration that occurs 
in mobile operation. For the same reason, it is 
essential that good soldered connections be made. 

The information given in the tuned-circuit 
data table applies to 14-inch coil forms. Ready- 
wound slug-tuned coils, such as the Miller 4500 
series or the CTC LS8 series, can also be used 
with the links shown in the chart. ZL; is tapped 
about 144 up from the cold end. Cy and C2 
should be chosen to resonate, in a given amateur 
band, with the inductance of the particular coil 
used; the L/C ratio is not critical. 


Construction 
The converter is assembled in one half of a 
54 X 3 X 2'\%-inch Minibox. The box-cover 
(with the lips) is mounted permanently under 
the automobile dash, The only front-panel con- 


OSCILLATOR 


Q 


RCVR. 


Ri— 0.47 megohms, 2 watt (value may require slight ad- 
justment for individual transistors). 

Si—Three pole two position rotary switch (Centraiab 
PA-2007). 

Yi—Crystal (International Crystal Co. type FA-5 for 
miniature socket, FA-9 for standard socket). 
See table for frequencies. 


trols are the converter-broadcast switch S, and 
the output peaking control Cy. Mount Sj, so 
that the leads coming from the antenna con- 
nectors will line up with the proper switch ter- 
minals. Two 5-terminal tie points are mounted 
in the center of the chassis for supporting the 
crystal socket, transistors and other small com- 
ponents. The three slug-tuned inductances are 
supported on the rear wall of the chassis, as are 
the two antenna connectors. 

After the major components have been in- 
stalled, only a few wiring connections remain. 
Be sure to leave long leads on the inductances 
after winding them so that the lads may be 
directly connected to their proper points. 

In the circuit, cell By has its negative terminal 
grounded. A lug soldered to the cell case and 
bolted to the chassis will make a sturdy sup- 
port for the cell. 


Adjustment and Testing 


After the unit is wired, the first test should be 
to make certain that the oscillator is functioning. 
Turn on the converter. Tune a communications 
receiver to the crystal frequency and adjust 
the slug in Z3 until the signal is heard. The os- 
cillator will not function unless the collector 
tank (Ce) is resonant, 
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After the oscillator is operating properly, in- 
stall the unit in the car and turn it on. With the 
broadcast radio turned on, adjust the slug in Lg 
for maximum background noise. Next, adjust 
the slug in ZL; for maximum noise, or select a 
weak signal and peak it up for maximum gain. 
Then set the car radio at the high end of the 
if. band and adjust the slug in Zs for maximum 
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gain with C4 at minimum capacity. The low end 
of the if. band should peak when C4 is set near 
maximum. If only one segment of a particular 
band is going to be used, additional gain can be 
had by peaking the coils for that portion of the 
band. If, for example, 75-meter phone operation 
is desired, peak the converter for 3800 to 4000 
ke. rather than 3500 to 4000 ke. . 


Crystal-Controlled Converters for 50 and 144 Mc. 


The mobile converters shown in Figs. 19-10 
through 19-13 combine simplicity with good 
v.h.f. design practice. Although only two tubes 
are used in each, the converters include a stage 
of r.f. amplification plus crystal-controlled os- 
cillators. Ten meters was chosen as the i.f. be- 
cause when the broadcast receiver is used as the 
tunable if. for v.h.f. converters images are a 
problem, and only 1 Mc. at a time could be 
tuned. The converters described here, there- 
fore, are designed to work into a 10-meter con- 
verter or receiver. This can be a tunable con- 
verter which in turn works into the broadcast 
receiver, or a complete self-contained 10-meter 
receiver. 


The 50-Mc. Unit 


The circuit diagram for the 50-Me. unit is 
shown in Fig. 19-11. A 6AK5 is used as an rf. 
amplifier. The same gain with lower noise can 
be obtained with a cascode-type dual-triode 
amplifier, but the performance of this pentode 
stage is satisfactory and its design is consid- 
erably simpler than the triode amplifier. 

The crystal oscillator makes use of a 22-Me. 
overtone crystal. A crystal on the required in- 
jection frequency eliminates the need for mul- 
tipler stages, and makes possible the use of a 
simple oscillator circuit. The 10-meter receiver 
or converter is tuned from 28 to 30 Me. in cov- 
ering 50 to 52 Me. If a general coverage receiver 
covering 26 to 30 Me. is used, a 24-Mce. crystal 
in the oscillator will allow tuning 50 to 54 Me. 
However, any injection frequency may be used 
to cover a desired portion of the band. 

The pentode half of the 6U8 tube is used as 


a mixer. The oscillator and mixer sections are in 
the same tube envelope so there is enough stray 
coupling between the two for adequate oscilla- 
tor injection. 

The diagram shows the heaters connected for 
12 volts. If 6-volt operation is desired, the heat- 
ers are connected in parallel and RR, is disre- 
garded. 

The converters are built in a 544 X 3 X 2%- 
inch Minibox. All of the parts are mounted on 
the bottom half of the box while the upper halt 
(the one with lips) is fastened under the car 
dash. The bottom half containing all the com- 
ponents can be slid in and out for easy servicing. 

Fig. 19-10 shows the placement of most of 
the components. The output peaking control Cy 
and switch S; are mounted on one side of the 
chassis to form the front panel. The tubes, 
slug-tuned inductances, crystal socket and an- 
tenna connectors are mounted directly opposite 
on the back wall. Two tie-points are bolted to 
the base of the box for connecting and support- 
ing leads and components. When wiring, make 
the r.f. leads as short and direct as possible. 


The 144-Mc. Unit 


The circuit diagram for the 144-Mc. converter 
is shown in Fig. 19-13. Two 6U8 tubes are used 
with the pentode section of one tube acting as 
the r.f. amplifier followed by the triode-section 
mixer. The other 6U8 is used as an overtone 
crystal oscillator and pentode frequency multi- 
plier. By combining all the features of a 4-tube 
erystal-controlled converter in a two-tube model 
space-saving simplicity is achieved. 

The same basic circuit used in the 50-Me. 


Fig. 19-10—View of the 50-Mc. con- 
verter. The inductances are from left 
to right: (bottom) L7, (top) Lsl6, Lals, 
Lilo. The top of crystal Yi can be seen 
between the tubes. The 22-ohm 2-watt 
resistor in the center of the chassis is 
the heater current compensating re- 
sistor, used for 12-volt operation. 
Input and output antenna connectors 
are mounted on opposite ends of the 
back wall. Power is fed to the unit 
through the twisted power cable run- 
ning .in from the left side of the 
: photograph. 


Crystal-Controlled Converters 


6AK5 6U8 
RE AMP MIXER 
50 MC. 
10 
50 Mc. Vig 
Sai 
CONVQ O B.C.i 
27 Lg. 
Ds! 1000 
en A : ‘ 1000 
ANT. , 220 
J 
IMEG. 
OSC. 22MC, 
Sj 
l; 
6U8, 
Vig 
) -——- 
Y; 8 
Cc 


GND. +i2v. B+ 


Fig. 19-11—Schematic diagram for the 50-Mc. mobile converter. All resistors Y2 watt unless otherwise specified. Ca- 
pacitor values below 0.001 wf. are in wuf. All 0.001 uf. capacitors are disk ceramic. 
Other fixed capacitors are tubular ceramic. 


Ci—35-yf. midget variable capacitor (Hammarlund 
MAPC-35-B). 

Ji, Ja—Automobile type antenna connectors. 

Li—3 turns No. 20 insulated wire, close-wound over 
cold end of Lo. 

Le—9 turns No. 20 enam. wire, close-wound on 1/2 inch 
slug tuned coil. 

L3—16 turns No. 20 enam. wire, close-wound on 2 inch 
slug tuned coil form. 

La—6 turns No. 20 insulated wire, close-wound over 
cold end of L3. 

Ls—14 turns No. 20 enam. wire, close-wound on 2 inch 


model is followed in the 144-Mc. unit except 
for the addition of a multiplier stage following 
the crystal oscillator. The oscillator operates at 
38.666 Me. and is multiplied to 116 Mc. in the 
tripler stage. As in the 50-Mc. converter, this 
unit is designed to work into a 10-meter receiver 
or converter. If the i.f. tunes from 27 to 30 Mc., 
the converter will tune from 144 to 147 Mc. 
However, any segment of the band may be 


Fig. 19-12—View of the 144-Mc. converter 
The inductances from left to right are: (top) 
Lil2, L3l4, Lsl6, (bottom) L7 and Ls. All compo- 
nents except S; and C; are mounted on the 
back wall of the chassis. A single tie point in 
the bottom of the channel supports various 
leads and provides junctions for sundry con- 
nections. The input and output antenna con- 
nectors are placed near the bottom right and 
left of the back panel. The crystal Yi is be- 
tween the two tubes. Converter power is fed 
through the twisted cable which passes 
through a hole and grommet in the back 
wall of the chassis. 


slug tuned coil form. 

le—2 turns No. 20 insulated wire, close-wound over 
cold end of Lo. 

L7—28 turns No. 30 enam. wire, close-wound on 2 inch 
slug tuned coil. 

Ri—22-ohm 2-watt resistor (used for 12-volt heater 
operation only). 

Si—Three-pole two-position rotary switch (Centralab 
PA-2007). 

Yi—22 Mc. overtone crystal. (International Crystal type 
FA-5 for miniature socket, FA-9 for standard 
socket). 


tuned by choosing the proper crystal frequency. 

Unlike the 50-Me. converter, the oscillator- 
multiplier stages of the 144-Mc. converter are 
physically separated from the mixer stage. It is 
necessary, therefore, to couple the 116-Mce. 
energy from the multiplier stage to the grid of 
the mixer. Capacitor C2 is used for this purpose. 
It consists of a pair of twisted hook-up wires 
with one end of one lead connected to the mixer 


R.F, AMP 
6u8s & 
S| === 
Cea EY ‘ 
J) 7 Le 7 
Ly 
47K 
1000 
1000] 220 
OSC. 38.6 MC. 
6u8 ! 47 
of se b7G 
“ 
Y, : 
= 100K 


1000 


Fig. 19-13—Schematic diagram for the 144-Mc. con- 

verter. All resistors Y2 watt unless otherwise specified. 

Capacitor values below 0.001 uf. are in upf. All 1000- 

put. capacitors are disk ceramic. Other fixed capacitors 

are tubular ceramic. 

C:—35-yuuf. midget variable capacitor (Hammarlund 
MAPC-35-B). 

C2—Oscillator injection capacitor (see text). 

Ji, J2—Automobile type antenna connectors. 

Li—2 turns No. 18 enam., ¥% inches long, on ¥2 inch slug 
tuned coil form. 

le—2 turns No. 20 insulated wire, close wound over 
cold end of Li. 

Ls—2 turns No. 18 enam., ¥% inches long, on 2 inch slug 
tuned coil form. 


grid and the end of the other lead connected to 
the multiplier plate. 

The circuit diagram shows the heaters con- 
nected for 12-volt operation. For 6 volts, the 
heaters should be connected in parallel. 

The same basic outline of construction used 
in the 50-Me. converter is followed in the 144-Mc. 
unit. Fig. 19-12 shows how output peaking con- 
trol Cy, and the control switch S; are mounted 
on the front wall of the chassis while most of 
the remaining parts are secured to the rear sur- 
face. A single tie point is mounted on the bottom 
of the chassis for connecting and supporting 
various leads. The input and output antenna 
connectors are mounted at opposite ends of the 
back wall of the chassis. 


Testing the Converters 


The 50-Mc. converter requires 0.625 ampere 
at 6 volts (or 0.45 ampere at 12 volts) for the 
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L4—2 turns No. 20 insulated wire, close wound over 
cold end of Ls. 

Ls—9 turns No. 24 enam., close wound on 2 inch slug 
tuned coil form. 

Ls—2 turns No. 20 insulated wire, close wound over 
cold end of Ls. 

L7—10 turns No. 24 enam., close wound on 2 inch slug 
tuned coil form. 

ls—5 turns No. 18 enam., 2 inches long, on Y2 inch 
slug tuned coil form. 

Si—Three-pole two-position rotary switch (Centralab 
PA-2007). 

Yi—38.666 Mc. overtone crystal (International Crystal 
Co. type FA-5 for miniature socket, FA-9 for 
standard socket). 


heaters, and approximately 17 ma. at 150 volts 
for the plate supply. If the car radio delivers in 
excess of 180 volts, the plate voltage on the 
converter should be limited by a dropping re- 
sistor. 

The 144-Mc. converter requires 0.9 ampere 
at 6 volts (or 0.45 ampere at 12 volts) for the 
heaters. A plate voltage of 150 volts is required 
at about 30 ma. 

All tuned circuits should be checked for reso- 
nance with a grid-dipper. The proper frequency 
for each circuit is given in Figs. 19-11 and 19-13. 
Apply power to the converter under test, and 
adjust the oscillator circuit until it goes into 
oscillation. This can be confirmed by tuning the 
home receiver to the oscillator frequency. Tune 
the oscillator inductance until the maximum 
oscillator signal is obtained. Now feed a 50 or 
144-Me. signal into the converter under test. 


’ This signal may come from a signal generator 


20-Watt Mobile Transmitter 


or a grid-dip meter, or may be an actual signal 
from the antenna. Go through the converter 
stage by stage, adjusting the inductances for 
peak output. After the first run of peaking is 
completed the converter should be spot-checked 


through the entire band to make sure the 
over-all response is fairly flat. Output capacitor 
C; is used to peak the output circuit. Ls is ad- 
justed so that C, peaks at mid-capacitance in 
the center of the i.f. tuning range. 


A 20-Watt High-Frequency Mobile Transmitter 


Figures 19-14 through 19-17 illustrate a com- 
plete 20-watt transmitter that may be operated 
on any band from 80 to 10 meters. The design 
avoids the complication, expense and difficult 
construction associated with the average multi- 
band transmitter, but does not confine its appli- 
cation to any one band. Changing from one band 
to another as operating interest varies is a simple 
matter of unsoldering a pair of readily-accessible 


coils and replacing them with others for the new 
band. . 


Circuits 


The circuit of the transmitter is shown in Fig. 
19-15. A 5763 crystal oscillator drives a 2E26 
final amplifier. Quadrupling frequency in the 
output of the grid-plate oscillator from a 7-Mce. 
crystal will provide adequate drive for the final 
on 10 meters. Sufficient capacitance is provided 
in the plate tank of the 2E26 for a Q of 10 or 
more on all bands except 80 meters. On 80 meters, 
the tank Q will drop to about 6, but there is little 
danger of appreciable harmonic output when 
feeding a high-Q antenna such as the usual 
loaded whip. Adequate output coupling on this 
band is assured by tuning the output link line. 
Parallel plate feed is used in both stages. 

The audio circuit is equally simple. One triode 
unit of a 12AU7 is used as a grounded-grid ampli- 
fier. This provides low-impedance input for a 
carbon microphone without the need for a micro- 
phone transformer. The second triode unit of the 
12AU7 is used in conventional fashion to drive 
a 1635 Class B modulator. This tube operates at 
zero bias with an idling current of only 10 ma. 
D. c. voltage for operating the carbon micro- 
phone is obtained by connecting the microphone 
in series with the two speech-amplifier cathodes 
and ground. 

The 1-ma. meter 17, may be switched across 
appropriate multiplier shunts to read amplifier 
grid or plate current, or modulator plate current. 
A d.p.d.t. change-over relay, Ky, actuated by the 


Fig. 19-14—A panel-illuminating lamp is 
mounted to the right of the meter, along 
with the amplifier-tank and antenna-link 
tuning controls. Along the bottom, from left 
to right, are the microphone jack, meter 
switch, filament switch, tune-operate switch, 
oscillator tuning control and the crystal. 


microphone push-to-talk switch, is also provided. 
One pole shifts the antenna from receiver to 
transmitter, while the other mutes the receiver 
by shorting the voice coil of the speaker. S; 
removes screen voltage from the 2E26 and dis- 
ables the relay so that the oscillator may be tuned 
up before the amplifier is put on the air. 


Construction 


A 5 X 6 X 9-inch steel utility box (Middle- 
town Mfg. Co., Middletown, Conn.) is used as the 
cabinet for the transmitter. The chassis is bent 
up from aluminum sheet approximately 1% inch 
thick. The chassis is 834 inches wide, 6 inches 
deep and has 2-inch lips along the front and rear 
edges. 

C3 and C's are mounted on the front wall of the 
partition with their shaft centers 13¢ inches 
above the chassis. The shaft of C4 is centered 
114 inches from the open edge of the shield, while 
the shaft of C's is centered 3 inches in. The shafts 
of these capacitors are connected to panel-bearing 
units by rigid metal shaft couplers. 

The socket for the 2E26 is submounted on 34- 
inch spacers, beneath a 114-inch clearance hole 
centered 1 inch from the rear edge of the chassis 
and 2 inches in from the side. RFC, is mounted 
horizontally from the front wall of the partition, 
below and between C3 and C4. 

The output tank coil, Le, is cemented to a 
1-inch cone insulator and soldered between a rear 
stator terminal of C's and a grounding lug on the 
chassis. The bottom end of Ls is connected to a 
rear stator terminal of Cy, while the other end 
goes through a small feed-through point in the 
chassis to a relay terminal immediately below. 
The 5763 is centered between the partition and 
the front panel, and between the shafts of Cs 
and C4, 

Fig. 19-17 shows the modulation transformer 
in the upper right-hand corner of the chassis. 
The secondary taps of 72 should be set for 7500 
ohms. The 12AU7 and 1635 sockets are centered 
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Fig. 19-15—Circuit of the single-band mobile transmitter. All resistors are Y2 watt unless otherwise specified. All ca- 
pacitances less than 0.001 wf. are in wuf. All 0.001-uf. capacitors are disk ceramic. Fixed capacitors of smaller value 
may be mica or NPO ceramic. Capacitors marked with polarity are electrolytic. 


Ci—Mica or ceramic trimmer. 

Co—Air variable (Hammarlund HF-50). 

Cs—Air variable (Johnson 167-4). 

C4—Air variable (Hammarlund HF-1 40). 

Cs—Paper ceramic. 

l1—6.3-volt 250-ma. dial lamp. 

Ji,J2—Coaxial connector (SO-239). 

J3—Push-to-talk microphone jack. 

Js— Power connector (octal tube socket). 

Ki—D.p.d.t. 6-volt or 12-volt d.c. 
Series 200). 

Li, Le, Ls—See coil table. 


relay (Guardian 


on a line about halfway between the rear of the 
meter and the modulation transformer. The 
socket for the 12AU7 is centered 1% inch from 
the end of the chassis. Then the socket for the 
1635 is spaced sufficiently from the 12AU7 
socket so that the driver transformer, 7, can be 
mounted between the two sockets, underneath 
the chassis. 

The two coaxial connectors, J; and Jo, are 
mounted on the rear lip of the chassis, spaced to 
avoid the 2E26 socket. An octal socket serves as 
the power-supply connector J4, and the change- 
over relay is centered between this socket and 
the nearest coaxial connector. 


Testing 


The unit will operate from any supply deliver- 
ing 300 to 400 volts at 125 ma. or more. 

While the 2E26 might be used as a doubler if 
necessary, straight-through operation is recom- 
mended. Crystals in the 80-meter band will pro- 
vide adequate drive for the final on all bands up 
to and including the 14-Me. band. Crystals in 
the 7-Mc. band are needed for 21- and 28-Mc. 
output. Coils should be selected from the coil 
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Mi—O-1 d.c. milliammeter, 2%-in. (Triplett 227-T). 
Ri—10 times shunt for Mi (6.1 ohms for 55-ohm meter.) 
Ro, Rs—100-times shunt for M1. (0.5 ohm for 55-ohm 
meter.) 
S:—D.p.d.t. rotary switch (Centralab PA-1002). 
S2—S.p.s.t. toggle switch. 
S3—2-pole 3-position 
1003). 
T:—Driver transformer, 2.5:1 primary to Y2 secondary 
(Merit A-2920). 
T2— 10-watt modulation transformer (Merit A-3008). 


rotary switch (Centralab PA- 


table to suit the band desired. 

The oscillator is adjusted with S; in the tune 
position, and the meter switch turned to read 
amplifier grid current. With power supplied, C2 


Table of Coil Dimensions 


Ii 


Diam. | Length | Wire 
Turns In. In. Size 


ae ely ee 


24 | 3012 | 632 
20 | 3011 | 616 
3.5 20 | 3011 | 616 
15.-| "1.6 18 | 3010 | 608 
ee dee tal 18 {3010 | 608 | 


Li —3 turns No. 20, 1-inch diam., *46 inch long, over ground 
end of L2 (B&W 3015, Airdux 816) for 80, 40 and 20 meters; 
2 similar turns for 15 and 10 meters. 


20-Watt Mobile Transmitter 


Fig. 19-16—Bottom view of the 20-watt 
mobile transmitter. The driver transformer is 
placed between the two audio-tube sockets. 
Along the front lip of the chassis, from left to 
right, are the microphone jack, meter switch, 
filament switch S2, tune-up switch Si, oscillator 
tank capacitor Ce and the crystal socket. Co is 
spaced back of the panel, and mounted behind 
the 5763 socket. Li is soldered across the 
terminals of the capacitor. All power and con- 
trol wiring is done with shielded wire. 


should be adjusted for maximum grid current. 
The tuning should be checked with a wavemeter 
to make sure that the oscillator output circuit is 
tuned to the desired frequency. Then Cy should 
be adjusted for maximum grid current. The read- 
ing should be at least 3 or 4 ma. 

A pair of G.E. type 1820, 28-volt, l-amp, 
miniature lamps connected in series makes a good 
dummy load for testing the final. With S; thrown 
to the operate position, the meter switched to 
read 2E26 plate current, and power applied, 
adjust C2 for a dip in plate current. Check the 
frequency with a wavemeter coupled to the out- 
put tank. Then adjust C, until the meter reads 
50 ma. Retune C3 for the plate-current dip. It 
may take a little juggling back and forth between 
C3 and C4 before an adjustment is reached where 
the meter reads 50 ma. at the plate-current dip. 
The load lamps will not light to full brilliance, 
but it should be possible to determine the adjust- 
ment that gives maximum output. With the 
amplifier fully loaded, the grid current should 
still remain at 3 to 4 ma. 

The meter should now be turned to read 
modulator plate current. Without voice, the 
meter should read about 10 ma. When speaking 
into the microphone, a kick of the meter reading 
up to 40 or 50 ma. on peaks should indicate 100 
per cent modulation. The r.f. amplifier plate 
current should remain essentially steady under 
modulation, but the lamps in the dummy load 
should show some increase in brilliance. 

Adjustment when an antenna is substituted 
for the dummy load should be done in a similar 
manner. The antenna must, of course, be checked 
for resonance in advance with a g.d.o. or by other 
means. (Originally described in QST, Jan., 1957). 
(For a description of a bandswitching mobile 
transmitter with v.f.o., see QS7T, August and 
Sept., 1957). 


Fig. 19-17—Interior view of the single-band mobile 
transmitter. The output components are separated from 
the other components by an L-shaped aluminum parti- 
tion which measures 42 inches along the front and 
4 inches along the side. It is 2% inches high with Y2-inch 
lips along the bottom edges for fastening to the chassis. 
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Mobile Transmitters for 50 and 144 Mc. 


Figs. 19-18 through 19-23 show circuits and 
constructional details of compact transmitters 
covering the 6- and 2-meter bands. The units 
are only 3 inches deep and therefore are suitable 
for under-the-dash mounting. 

Output on 50-Mc. is obtained by using crys- 
tals in the 50-Mc. range. This eliminates any 
necessity for multiplier stages and greatly sim- 
plifies- the circuit. In the two-meter unit, a 
48-Me. crystal is used which is multiplied to 
144 Me. by a tripler stage. 

Although the r.f. amplifier used in the trans- 
mitters will operate at higher voltages, the units 
are designed primarily to work from a 300- 
volt, 100-ma. supply. A transistor modulator 
can be used with the units with a saving in 
total current drain. 


The 50-Mc. Unit 


The circuit of the 50-Me. transmitter is shown 
in Fig. 19-20. A 5763 (6417 when using 12-volt 
heaters) is triode-connected in an _ overtone- 
tvpe crystal oscillator. Feedback winding Le 
helps to sustain 3rd-overtone oscillation and 
may require some slight adjustment for opti- 
mum output in its placement with respect to £4. 
The 50-Me. signal from the oscillator is capaci- 
tively coupled to the grid of the 2EK26 (6893 
when using 12-volt heaters) amplifier. A jack 
J, on the rear of the transmitter allows the grid 
current to be measured, 


Fig. 19-18—View of the 50-Mc. transmitter showing the 

r.f. amplifier tank circuits and output loading control. 

Cs is on the top right of the panel with C2 just below it. 

Output indicator Ii is below Ce. This view also shows the 

two antenna connectors, power plug and grid current 
jack which are mounted on the rear surface. 
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Fig. 19-19—The 50-Mc. mobile transmitter is built into 
a7 X 5 X 3-inch aluminum Minibox (Bud CU-3008). 
Oscillator coil Lile is near the top left. The jack on the 
right rear panel is the grid-current meter jack. One-inch 
holes are punched in both halves of the Minibox for 
ventilation. Perforated hole plugs can be used for neater 
appearance. In actual use, the transmitter would sit with 
the tubes horizontal. The half of the box at left is mounted 
under the car dash so that the transmitter half can be 
easily pulled in and out of position 
for servicing or adjustment. 


The amplifier plate tank circuit, CoL3, is 
tuned to resonance by variable capacitor C. 


The 144-Mc. Unit 


The 144-Me. circuit is shown in Fig. 19-22. 
The oscillator is similar to the one used in the 
50-Me. transmitter. The 48-Me. signal from the 
oscillator is capacitively coupled to the pentode 
multipier which is operated as a frequency 
tripler. From the tripler, the signal is inductively 
coupled to the grid of the r.f. amplifier. Since 
this stage contains a fixed capacitor, it is tuned 
by “pinching” or “spreading” the turns of Lg. 
As in the 50-Me. unit, provision is made for 
measuring grid current (jack J1). 

The amplifier tank circuit in the 144-Me. 
model is series tuned, Output coupling is through 
a single-turn link, Le. Neutralization is required 
in this unit; the neutralizing capacitor consists 
of a 21-inch length of No. 12 wire with one 
end connected to pin 5 (control grid) of the 
amplifier tube, and with the other end run up 
beside the amplifier tube after passing through 
the chassis (see the photograph in Fig. 19-21). 
A piece of spaghetti is used to insulate the neu- 
tralizing wire from the chassis. 


Construction 


A 7 X 5 X 3-inch Minibox is used as the 
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Fig. 19-20—Schematic diagram of the 50-Mc. mobile transmitter. Unless otherwise indicated, capacitances are in 
uf., resistances are in ohms, resistors are 2 watt unless specified otherwise. 


Ci—35-pupuf. midget variable capacitor (Hammarlund 


MAPC-35-B). 

Co—15-uuf. midget variable capacitor (Hammarlund 
HF-15). 

C3—50-uuf. midget variable capacitor (Hammarlund 
MAPC-50-B). 


Cs—Coupling capacitor for output indicator (see text). 

Ki—Midget antenna relay s.p.d.t. (Advance AM/2C/- 
12VD. Note: the last four figures in the number 
indicate the coil voltage. For 6 volts d.c. it should 
read /6VD). 

li—3 turns No. 20, ¥%-inch dia., 546 inches long (B & 
W 3006). 

L2—2 turn link No. 20 insulated wire, close wound over 
cold end of Li. 


chassis for the transmitters. A single bracket 
supports the tubes and associated parts. The 
bracket has a single bend and is fastened to the 
Minibox with machine screws. 

The 6- and 2-meter transmitters are almost 
identical mechanically. The only real difference 
between the two is that the 2-meter model has 
an additional multiplier tube, mounted in line 
with the oscillator tube on the bracket. 

All parts should be mounted before wiring is 
begun. Since both ends of the chassis are open, 
wiring and mounting of parts is a simple job. 
The photographs show the relative position of 
most of the components. Try to keep r.f. leads 
as short as possible. The relay, antenna con- 
nectors, power plug and grid current jack are 
all mounted on the rear panel. 

The output indicator /; is coupled to the out- 
put circuit through a small capacitor. This capac- 


Fig. 19-21—The 144-Mc. transmitter with the r.f. ampli- 
fier tube removed to show the neutralizing lead CN. 
Except for the 6BJ6 multiplier tube in the foreground, 
the same basic layout is used here as in the 50-Mc. unit. 


L3—4 turns No. 16, 1-inch dia., 1-inch long (B & W 3013) 


Ls—2 turn link No. 20 insulated wire, close-wound over 
cold end of Ls. 


l1i—Neon bulb (NE-2). 

Ji—Circuit-closing jack. 

J3—3-conductor mike jack. 

J3, Ja—Automobile type antenna connectors. 

RFC), RFC2—Single-layer v.h.f. choke, 2 to 7 wh. (Ohmite 
Z-50 or National R-60). 

Si—S.p.s.t. slide switch. 

Vi—5763 for 6 volts, 6417 for 12 volts. 

V2—2E26 for 6 volts, 6893 for 12 volts. 

Yi—50-Mc. 3rd overtone crystal (International Crystal 
Co. type FA-9). 


itor is actually a few turns of hook-up wire 
wound over a piece of insulated wire that is 
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Fig. 19-22—Schematic diagram of the 144-Mc. mobile transmitter. Unless 
otherwise indicated, capacitances are in puf., resistances are in ohms, 


resistors are Y2 watt. 


Ci—35-puf. midget variable capacitor (Hammarlund 


MAPC-35-B). 

Co, Cs—15-pupf. midget variable capacitor (Hammarlund 
HF-15). 

Cs—50-yuf. midget variable capacitor (Hammarlund 
MAPC-50-B). 


Cs—Coupling capacitor for output indicator (see text). 

C,—Neutralizing capacitor (see text). 

Ki—Midget antenna relay s.p.d.t. (Advance AM/2C/- 
12VD. Note: the last four figures in the number 
indicate the coil voltage. For 6 volts it should 
read 6VD.) 

Li—4 turns No. 20, % inch diam., 6 inches long (B & W 
3006). 

L2—2 turn link No. 20 insulated wire, close wound over 
cold end of Li. 

L3—2 turns No. 20 insulated wire Y2-inch diam. ” 

La—1 turn No. 20 insulated wire Y2-inch diam. 


connected to the final tank circuit. If the lamp 
fails to ignite, a few more turns may be needed. 


Testing Notes 


An a.c. power supply delivering 300 volts at 
100 ma. can be used during testing of the trans- 
mitter. Heater-current requirements for the 
50-Mc. unit are 1.55 ampere for 6-volt opera- 
tion and 0.775 ampere for 12 volts. The 144-Mc. 
unit requires 1.1 ampere at 6 volts and 0.55 
ampere at 12 volts. Do not connect the plate 
supply to the r.f. amplifier power terminal 
(marked “300 mod.” in the circuit diagram) at 
this time. The correct crystal and a dummy 
load should be kept on hand for the test. 

To test the driver stage, plug a grid-current 
meter (0-5 ma.) in Jj, and apply heater voltage. 
Plug in the proper crystal and turn on the plate 
voltage (exciter stages only). As quickly as pos- 
sible adjust capacitor Cy until the oscillator goes 
into oscillation. This will be indicated by a 
downward kick in the plate current. Grid cur- 
rent should begin to show when oscillation occurs. 
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48 MC. Wine? it 
47 
V, z 


IHEATER 


SW MIC. 


6 VOLT 


Ls—3 turns No. 16, 1-inch diam., % inches long, center 
tapped (B & W 3013). 

Le—1 turn link No. 20 insulated wire wound in the center 
of Ls. 

1: —Neon bulb (NE-2). 

Ji — Circuit closing jack. 

J2—3 conductor mike jack. 

J3, Ja—Automobile type antenna connector. 

RFCi, RFC2—Single-layer v.h.f. choke, 2 to 7 uh. (Ohmite 
Z-50 or National R-60). 

S$i—S.p.s.t. slide switch. 

Vi— 6C4. 

V2—6BJ6. 

V3—2E26 for 6 volts, 6893 for 12 volts. 

Yi—48 Mc. 3rd overtone crystal. Crystal frequency 
found by dividing desired output frequency 
by 3 (International Crystal Co. type FA-9). 


In the 144-Mce. unit, adjust for maximum grid 
current by “‘pinch-tuning”’ L3,L4 once oscillation 
has begun. Adjust Cy for maximum grid current. 
If there is difficulty in obtaining grid drive, try 
adjusting the position of Ly with respect to Ly. 
In the 2-meter model, some rearrangement of 
L3 and L4 may be needed in order to achieve 
maximum grid drive. 

Before testing the 144-Mc. amplifier it will be 
necessary to neutralize it. With power applied 
to the exciter portion, slowly rotate the output 
tuning control C3 through its full range. If the 
amplifier is neutralized, there will be no fluctua- 
tion in the grid current. If there is such a fluc- 
tuation, adjust the neutralizing wire to a new 
position with respect to the amplifier tube and 
swing the plate-tuning control again. Repeat 
until the grid current remains steady, showing 
that the amplifier is neutralized. 

Connect a dummy load to the output antenna 
connector, close the antenna relay and apply 
plate power to the entire transmitter. As quickly 
as possible, tune C’3 for minimum plate current. 


IBELOW FOR} 
ICONNECTIONS 


r 


GND, +HTR. 


Mobile Modulators 


Fig. 19-23—View of the 144-Mc. transmitter. 
The coil and link near the top left rear are 
~ Lile. In the foreground are coils L3L4. 


It is necessary to perform this opera- 
tion rapidly because the amplifier may 
draw excessive plate current when not 
tuned to resonance. When tuned to 
resonance, the output indicator bulb 
I, will ight. This r.f. indicator is not 
only a tuning aid in the car but also 
acts as a continuous monitor to show 
that the transmitter is in operation. 
Capacitor C, is the loading control and should 
be adjusted for maximum plate current after the 
amplifier is resonated. 

A microphone jack J is included on the trans- 


mitter chassis to simplify the control circuits. 
Leads from the microphone (marked ‘‘sw” and 


(3 


ic’? in the diagram) go to the power con- 


nector at the rear of the transmitter. 


Mobile Modulators 


station work, the mobile modulator must be 
capable of supplying to the plate modulated 
r.f. stage sine-wave audio power equal to 50 per 
cent of the d.c. plate input for 100 percent mod- 
ulation. 


Vacuum-tube modulators for mobile opera- 
tion are in general similar to those used in fixed- 
station installations. Equipment shown in the 
section on modulators may be modified for use 
with almost any mobile transmitter. As in fixed 
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Fig. 19-24—Circuit diagram of the mobile modu- 

lator. Resistors are 2 watt unless otherwise 

specified. Capacitors other than electrolytic may 

be either paper or ceramic. If a carbon micro- 

phone is used, substitute the carbon microphone 

speech amplifier circuit, at points marked ''X”, 
in the upper part of the diagram. 


Ti1—Driver transformer: parallel 6N7 to class B 
6N7 grids. 

Tz—Modulation transformer, tapped secondary, 
primary 10,000 ohms plate to plate. 
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& A 10-WATT MOBILE MODULATOR 


Fig. 19-24 shows a modulator that can be used 
with any mobile a.m. transmitter whose input 
does not exceed 20 to 25 watts. A resistance- 
coupled speech amplifier using a single 12AX7 
drives a Class A 6N7 which in turn drives a Class 
B 6N7. The 6N7 uses the two triode sections in 
parallel, to obtain sufficient driving power. 

Also shown in Fig. 19-24 are the changes in the 
speech-amplifier circuit necessary to adapt it 
for use with a carbon microphone. D.c. voltage 
for the carbon microphone is obtained by con- 
necting the microphone in series with the speech- 
amplifier cathodes. 

The modulator requires 300 volts at about 90 
ma. for plate power, and 6 volts at 1.9 amperes 
or 12 volts at .95 amperes for the heaters. Heater 
connections are given for both voltages. The plate 


supply should use a large capacitance (100 uf. 
or more) in the output, to serve as a reservoir 
for the heavy peak-current demands. 

The main constructional precaution to be ob- 
served when building the modulator is that the 
output transformer 7’, should not be mounted 
too close to the speech amplifier circuits. Separa- 
tion will reduce the chance of feedback through 
stray coupling. A tube shield over the 12A X7 will 
serve to hold it in the socket over bumpy roads; 
good octal sockets will normally need no tube 
clamps to retain the 6N7s. 

In any mobile installation, the modulator may 
be separated from the r.f. assembly by any 
convenient distance. The cable connecting the 
modulator to the r.f. section should be made 
with individually shielded leads. 


& A 25-WATT TRANSISTOR MODULATOR 


Figs. 19-25 through 19-27 show a complete 
transistor modulator that obtains its power di- 
rectly from the automobile’s 12-volt storage bat- 
tery. It requires only a fraction of the space re- 
quired by a comparable vacuum-tube unit, and 
it, allows full use of the high-voltage power supply 
for the r.f. section. 

The unit is based on a design orignally pub- 
lished by Delco Radio}; it is a 12-volt 25-watt 
Class B modulator. Among the advantages of a 
modulator of this type are the compactness (25 


watts of audio in approximately 90 cubic inches), 
high over-all efficiency, no warm-up time, and 
low idling current when not modulating. It will 
modulate an r.f. stage input of between 45 and 
50 watts, at an impedance level of 4000 ohms 
with the output transformer listed (about 450 
volts and 110 ma.). Suitable 12-volt heater tubes 
for the modulated output stage include the 1625 


1 Transistor Application Note 6-B, Delco Radio Division, 
General Motors Corp, Kokomo, Indiana, 


Fig. 19-25—A 3 X 4 X 5-inch utility box is sufficient to house the modulation transformer 
and all of the smaller components of the 25-watt transistor modulator. 
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Fig. 19-26—Circuit of the 25-watt transistor modulator. Resistances are in ohms. Capacitors are electrolytic. 


MKi—Single-button carbon microphone. 

Q1, Q2a—2N190 (GE) or 2N109 (RCA). 

Qs, Qa—2N278 (Delco DS-501). 

Ri—100-ohm 2-watt potentiometer. 

Ti—150 ohms c.t. (c.t. not used) to 490 ohms c.t. (Thore 
darson TR-5). 


(similar to 807) and the 6883 (similar to the 
6146). The exciter portion of the transmitter can 
be made up of 6417s (similar to the 5763) or 
of 12V6-GTs or 12L6-GTs (12-volt-heater versions 
of the 6V6 and 6L6). Maximum economy will 
be obtained with a transistorized power supply, 
similar to the unit described later in this chapter. 


Construction 


The unit is constructed on a 4 X 5 X 3-inch 
utility box on which a 1%-inch aluminum cover 
5 X 6 inches is substituted. This provides a 2-inch 
overhang on one edge for mounting the power 
transistors, and it also serves as a heat sink. Two 
transformers, plus gain control and mike jack, 
are also mounted on the cover (see Fig. 19-27). 

For a modulation transformer the unit uses 
a 6.3-volt filament transformer turned backwards; 
that is, with the 6.3-volt 3-ampere winding to- 
ward the collectors. This transformer is mounted 
inside the utility box. Ample room 1s left for 
the input transformers, resistors and capacitors. 
It was found necessary to add an input filter on 
the 12-volt line to prevent hash from getting 
into the microphone circuit and adding noise. 

To obtain a true center tap for the driver 
transformer, a transformer having taps at 4 and 
16 ohms is used. Since the impedance varies as 
the square of the turns ratio, the 4-ohm tap pro- 
vides a center tap. 


Transistor Mounting 


Because the collector connection is common 
with the case of the transistor, mica spacers must 
be used between the transistor cases and ground. 
(Insulator package No. 1221264). These ean be 
obtained in a special mounting kit from Delco 
distributors. 


T2—400 ohms c.t. to 16 ohms, c.t. (see text), Stancor 


TA-41). 

Ts—6.3-volt c.t., 3-amp, filament transformer used as 
modulation transformer (see text) (Stancor 
P-5014). 


A four-lug terminal box is located on top of 
the utility box to provide for the 12-volt and out- 
put connections of the modulator. Although wir- 
ing of the unit may appear difficult, it becomes a 
relatively simple job if the internal wiring is 
done separately, before putting on the front 
cover. 

Be careful to apply as little heat as possible 
when soldering any transistor connections. Hither 
G.E. 2N190 or RCA 2N109 can be used for the 
input transistors. Although several other types 
could be used for the output transistors, the speci- 
fied 2N278 (Delco DS-501) should be easier to 
obtain than some since it is sold as a replacement 
in car-radio service. 

It is not likely that a 0.1-ohm 1-watt resistor 
(see Fig. 19-26) can be purchased at any radio 
store. A satisfactory substitute is to wind a suit- 
able length of resistance wire over a 2-watt re- 
sistor used as a form, or three 0.33-ohm 14-watt 
resistors can be wired in parallel to obtain a value 
sufficiently close. 


Testing 


After wiring and construction of the unit is 
completed, testing for proper operation can be 
done in several ways. One method is simply to 
connect a 4000-ohm 10-watt resistor across the 
modulation transformer output connections and 
then place a d.c. ammeter in series with the 12- 
volt line, and watch the current variation while 
talking into the microphone. The idling current 
should be around 700 ma., kicking up to above 2 
amperes on peaks. Do not, under any circum- 
stances, try to operate the unit without a load of 
some sort on the output terminals as this may 
damage the output transistors. 

Another method of testing is to place another 
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Fig. 19-27—The front cover of the modulator unit serves as a heat sink. The driver trans- 
former and microphone jack are at the bottom, the microphone transformer and potentiometer 
control at the center, and the two power transistors at the top. 


6.3-volt filament transformer back-to-back with 
the modulation transformer, to bring the im- 
pedance down to a low level, and then connect a 
p.m. speaker to the 6.3-volt winding. 

A ’scope test can be made after the unit is 
connected to the transmitter. The Class C load 
level can be adjusted for impedance matching. 

An FI carbon microphone is suitable for use 
with this unit. Although not shown in Fig. 19-26, 
the unit should be connected so that it is turned 
on only while the transmit-receive switch is in 
the transmit position. An inexpensive 12-volt 
automobile-horn relay (e.g., Echlin HR 101), 
available at most filling stations or automobile 
parts distributors, should be used to close and 
open the circuit. The relay arm and contact 
should be connected in the +12.6-volt lead from 
the battery and fuse. If excessive sparking is 
noted at the relay contacts it may be reduced by 
moving the 50-uf. 25-volt capacitor to the fuse 
side of the relay contacting circuit. 


Concerning placement of the unit in the car: 
Try to find a location away from high-tempera- 
ture spots and in a well-ventilated area. The 
trunk is not recommended since there is little 
ventilation; this area can become quite hot in 
the summertime and damage to the transistors 
could result. The engine compartment makes a 
convenient place to mount the unit but this space 
is not adequately ventilated except possibly 
while the car is in motion. The most favorable 
spot is on the fire wall in the passenger compart- 
ment, or under the front seat. These areas are 
usually well ventilated, or at least cooler than 
any other enclosed section of the car. As in any 
mobile installation where the modulator is some’ 
distance from the r.f. section, the audio leads 
from the secondary of the modulation trans- 
former to the modulated r.f. stage should be 
made with individually-shielded leads. 

(Original description appeared in QST for 
November, 1959.) 


The Mobile Antenna 


For mobile operation in the range between 1.8 
and 30 Mc., the vertical whip antenna is almost 
universally used. Since longer whips present 
mechanical difficulties, the length is usually lim- 
ited to a dimension that will resonate as a quarter- 
wave antenna in the 10-meter band. The car body 
serves as the ground connection. This antenna 
length is approximately 8 feet. 

With the whip length adjusted to resonance in 
the 10-meter band, the impedance at the feed 
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point, X, Fig, 19-28, will appear as a pure re- 
sistance at the resonant frequency. This resist- 
ance will be composed almost entirely of radiation ‘ 
resistance (see index), and the efficiency will be - 
high. However, at frequencies lower than the 
resonant frequency, the antenna will show an 
increasingly large capacitive reactance and a 
decreasingly small radiation resistance. 

The equivalent circuit is shown in Fig. 19-29. 
For the average 8-ft. whip, the reactance of the 


Mobile Antenna 


Fig. 19-28—The quarterwave 
whip at resonance will show a 
pure resistance at the 
feed point X. 


Yar 


x 


+ 


capacitance, C'4, may range from about 150 ohms 
at 21 Me. to as high as 8000 ohms at 1.8 Mc., 
while the radiation resistance, Rr, varies from 
about 15 ohms at 21 Me. to as low as 0.1 ohm at 
1.8 Me. Since the resistance is low, considerable 
current must flow in the circuit if any appreciable 
power is to be dissipated as radiation in the re- 
sistance. Yet it is apparent that little current 
can be made to flow in the circuit-so long as the 
comparatively high series reactance remains. 


ee 
Ca 
Rr 


Fig. 19-29—At frequencies below the resonant fre- 

quency, the whip antenna will show capacitive reactance 

as well as resistance. Rr is the radiation resistance, and 
Ca represents the capacitive reactance. 


Eliminating Reactance 


The capacitive reactance can be canceled out 
by connecting an equivalent inductive reactance, 
Lx, in series, as shown in Fig. 19-30, thus tuning 
the system to resonance. 


Fig. 19-30—The capacitive 
reactance at frequencies lower 
than the resonant frequency 
of the whip can be canceled 
out by adding an equivalent 
Ly inductive reactance in the form 
of a loading coil in series with 
the antenna. 


a 


Unfortunately, all coils have resistance, and 
this resistance will be added in series, as indi- 
cated at Rc in Fig. 19-31. While a large coil may 
radiate some energy, thus adding to the radiation 
resistance, the latter will usually be negligible 


Fig. 19-31 —Equivalent circuit of a loaded whip antenna. 

Ca represents the capacitive reactance of the antenna, 

Lu an equivalent inductive reactance. Rc is the loading- 

coil resistance, Ra the ground-loss resistance, and Rr 
the radiation resistance. 


compared to the loss resistance introduced. How- 
ever, adding the coil makes it possible to feed 
power to the circuit. 


Ground Loss 


Another element in the circuit dissipating 
power is the ground-loss resistance. Fundamen- 
tally, this is related to the nature of the soil in 
the area under the antenna. Little information 
is available on the values of resistance to be 
expected in practice, but some measurements 
have shown that it may amount to as much as 
10 or 12 ohms at 4 Mc. At the lower frequencies, 
it may constitute the major resistance in the 
circuit. 

Fig. 19-31 shows the circuit including all of the 
elements mentioned above. Assuming C', lossless 


LENGTH OF RADIATOR IN FEET 


ANTENNA CAPACITANCE — pupf. 


Fig. 19-32—Graph showing the approximate capaci- 

tance of short vertical antennas for various diameters 

and !engths, at 3.9 Mc. These values should be approxi- 
mately halved for a center-loaded antenna. 


and the loss resistance of the coil to be represented 
by Fc, it is seen that the power output of the 
transmitter is divided among three resistances — 
Ro, the coil resistance; cq, the ground-loss re- 
sistance; and Rr, the radiation resistance. Only 
the power dissipated in Rx is radiated. The power 
developed in Rc and Rg is dissipated in heat. 
Therefore, it is important that the latter two 
resistances be minimized. 


& MINIMIZING LOSSES 


There is little that can be done about the 
nature of the soil. However, poor electrical con- 
tact between large surfaces of the car body, and 
especially between the point where the feed line 
is grounded and the rest of the body, can add 
materially to the ground-loss resistance. For 
example, the feed line, which should be grounded 
as close to the base of the antenna as possible, 
may be connected to the bumper, while the 
bumper may have poor contact with the rest of 
the body because of rust or paint. 


Loading Coils 


The accompanying tables show the approxi- 
mate loading-coil inductance required for the 
various bands. The graph of Fig. 19-32 shows the 
approximate capacitance of whip antennas of 
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TABLE 19-I 


Approximate Values for 8-ft. Mobile Whip 


2 ee a SS | 


Base Loading 


Loading | Rc (Q50) 
Lyn. Ohms 


1800 3 
3800 
7200 

14,200 


21,250 


29,000 


Rc (Q300) Rr 
Ohms 


Feed R* 
Ohms 


Matching 
Lyh s 


Ohms 
0.1 
0.35 
1.35 


Rc = Loading-coil resistance; Rr = Radiation resistance. 
* Assuming loading coil Q = 300, and including estimated ground-loss 


resistance. 


Suggested coil dimensions for the required loading inductances are shown in a 


following table. 


various average diameters and lengths. For 1.8, 
4and7 Mc., the loading-coil inductance required 
(when the loading coil is at the base) will be ap- 
proximately the inductance required to resonate 
in the desired band with the whip capacitance 
taken from the graph. For 14 and 21 Mc., this 
rough calculation will give more than the re- 
quired inductance, but it will serve as a starting 
point for final experimental adjustment that 
must always be made. 

Also shown in table 19-I are approximate 
values of radiation resistance to be expected 
with an 8-ft. whip, and the resistances of loading 
coils — one group having a Q of 50, the other 
a @ of 300. A comparison of radiation and coil 
resistances will show the importance of reducing 
the coil resistance to a minimum, especially on 
the three lower-frequency bands. 

To minimize loading-coil loss, the coil should 
have a high ratio of reactance to resistance, 1.e., 
high Q. A 4-Mce. loading coil wound with small 
wire on a small-diameter solid form of poor qual- 
ity, and enclosed in a metal protector, may bave 
a Q as low as 50, with a resistance of 50 ohms or 
more. High-Q coils require a large conductor, 
‘‘air-wound”’ construction, turns spaced, the 
best insulating material available, a diameter 
not less than half the length of the coil (not 
always mechanically feasible), and a minimum 
of metal in the field. Such a coil for 4 Mc. may 
show a Q of 300 or more, with a resistance of 
12 ohms or less. This reduction in loading-coil 
resistance may be equivalent to increasing the 
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transmitter power by 3 times or more. Most 
low-loss transmitter plug-in coils of the 100- 
watt size or larger, commercially produced, show 
a Q of this order. Where larger inductance values 
are required, lengths of low-loss space-wound 
coils are available. 


TABLE 19-II 


Suggested Loading-Coil Dimensions 


Form or 


B& W Type 


Wire | Diam, | Length 


Polystyrene 
Polystyrene 
Polystyrene 


Polystyrene 
160T 


SOB less 7 t. 
80T 


80B less 18 t. 


44 


2% 


24% 1% 
2% 234 | 80T less 12t.. 


40B less 4 t. 
40T less 5 t. 


40B less 10 t. 
40T 


| Ww | Oo 
Aa! aa 


15B 
15T 


10B 
10T 


CI.) 
an 


rn 


aw ew 
SS 


Mobile Antennas 


Center Loading 


The radiation resistance of the whip can be’ 


approximately doubled by placing the loading 
coil at the center of the whip, rather than at the 
base, as shown in Fig. 19-33. (The optimum posi- 
tion varies with ground resistance. The center is 
optimum for average ground resistance.) How- 
ever, the inductance of the loading coil must be 


Fig. 19-33—Placing the load- 
ing coil at the center of the 
whip antenna, instead of at 
the base, increases the radia- 
tion resistance, although a 
larger coil must be used. 


Lt 


rh 


approximately doubled over the value required! 
at the base to tune the system to resonance. For a 
coil of the same Q, the coil resistance will also be 
doubled. But, even if this is the case, centel 
loading represents a gain in antenna efficiency, 
especially at the lower frequencies. This is because 
the ground-loss resistance remains the same, and 
the increased radiation resistance becomes a 
larger portion of the total circuit resistance, even 
though the coil resistance also increases. How- 
ever, as turns are added to a loading coil (other 
factors being equal) the inductance (and _ there- 
fore the reactance) increases at a greater rate than 
the resistance, and the larger coil will usually 
have a higher Q. | 


Top Loading Capacitance 


Since the coil resistance varies with the induct- 
ance of the loading coil, the coil resistance can 
be reduced by reducing the number of turns. 
This can be done, while still maintaining reso- 
nance, by adding capacitance to the portion of 
the antenna above the coil. This capacitance can 
be provided by attaching a capacitive surface 
as high up on the antenna as is mechanically 
feasible. Capacitive “hats,” as they are usually 
called, may consist of a light-weight metal ball, 
cylinder, disk, or wheel structure as shown, in 
Fig. 19-34. This should be added to the capaci- 
tance of the whip above the loading coil (from 
Fig. 19-32) in determining the approximate in- 
ductance of the loading coil. 

When center loading is used, the amount of 
capacitance to be added to permit the use of the 
same loading inductance required for base loading 
is not great, and should be seriously considered, 
since the total gain made by moving the coil to 
the center of the antenna may be quite marked. 


Tuning the Band 


Especially at the lower frequencies, where the 
resistance in the circuit is low compared to the 
coil reactance, the antenna will represent a very 


Fig. 19-34—The top-loaded 4-Mc. antenna designed by 

W6SCX. The loading coil is a B & W transmitting coil. 

The coil can be tuned by the variable link which is con- 
nected in series with the two halves of the coil. 


high-Q circuit, making it necessary to retune for 
relatively small changes in frequency. While 
many methods have been devised for tuning the 
whip over a band, one of the simplest is shown in 
Fig. 19-35. In this case, a standard B & W 
plug-in coil is used as the loading coil. A length 
of large-diameter polystyrene rod is drilled and 
tapped to fit between the upper and lower sec- 
tions of the antenna. The assembly also serves 
to clamp a pair of metal brackets on each side 


Fig. 19-35—W8AUN’s adjustable capacity hat for tuning 
the whip antenna over a band. The coil is a B & W type B 
160-meter coil, with a turn or two removed. Spreading 
the rods apart increases the capacitance. This simple top 
loader has sufficient capacitance to permit the use of 
approximately the same loading-coil inductance at the 
center of the antenna as would normally be required 
for base loading. 


of the polystyrene block that serve both as sup- 
port and connections to the loading-coil jack bar. 

A \-inch steel rod, about 15 inches long, is 
brazed to each of two large-diameter washers 
with holes to pass the threaded end of the upper 
section. The rods form a loading capacitance that 
varies as the upper rod is swung away from the 
lower one, the latter being stationary. Enough 
variation in tuning can be obtained to cover the 
80-meter band. (Original description appeared 
in QST, September, 1953.) 


@ REMOTE ANTENNA RESONATING 


Fig. 19-36 shows circuits of two remote-control 
resonating systems for mobile antennas. As 
shown, they make use of surplus d.c. motors 
driving a loading coil removed from a surplus 
ARC-5 transmitter. A standard coil and motor 
may be used in either installation at increased 
expense. 

The control circuit shown in Fig. 19-36-A is a 
three-wire system (the car frame is the fourth 
conductor) with a double-pole double-throw 
switch and a momentary (normally off) single- 
pole single-throw switch. So is the motor reversing 
switch. The motor runs so long as Sy; is closed. 

The circuit shown in Fig. 19-36B uses a latch- 
ing relay, in conjunction with microswitches, to 
automatically reverse the motor when the roller 
reaches the end of the coil. S3 and Ss operate 
the relay, Ay, which reverses the motor. S4 is the 
motor on-off switch. When the tuning coil roller 


Fig. 19-36—Circuits of the remote mobile-whip tuning 
systems. 
Ki—D.p.d.t. latching relay. 
S1, S3, S14, Ss—Momentary-contact s.p.s.t., normally open. 
Se—D.p.d.t. toggle. 
Se, S7—S.p.s.t. momentary-contact microswitch, normally 
open. 
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reaches one end or the other of the coil, it closes 
Se or S7, as the case may be, operating the relay 
and reversing the motor. 

The procedure in setting up the system is to 
prune the center loading coil to resonate the 
antenna on the highest frequency used without 
the base loading coil. Then, the base loading coil 
is used to resonate at the lower frequencies. When 
the circuit shown in Fig. 19-36A is used for con- 
trol, S; is used to start and stop the motor, and 
So, set at the “‘up” or ‘“‘down”’ position, will de- 
termine whether the resonant frequency is raised 
or lowered. In the circuit shown in Fig. 19-36B, 
S4is used to control the motor. S3 or S; is momen- 
tarily closed (to activate the latching relay) for 
raising or lowering the resonant frequency. The 
broadcast antenna is used with a wavemeter to 
indicate resonance. 

(Originally deseribed in QST, Dec., 1953.) 

Several companies offer motor tuning for get- 
ting optimum performance over a low-frequency 
band. (For a complete description of the commer- 
cially available remotely-tuned systems, see 
Goodman, ‘‘Frequency Changing and Mobile 
Antennas,” QST, Dec., 1957.) 


Automatic Mobile Antenna Tuning 


A somewhat more complex antenna tuning 
system for 75 and 40 meters is one that auto- 
matically tunes the antenna as the transmitter 
frequency is shifted. After initial adjustments, 
the radiator is kept in resonance without atten- 
tion from the operator. (For a description of the 
automatic system, see Hargrave, ‘‘Automatic 
Mobile Antenna Tuning, QS7’, May, 1955.) 


@ FEEDING THE ANTENNA 


It is usually found most convenient to feed 
the whip antenna with coax line. Unless very 
low-Q loading coils are used, the feed-point im- 
pedance will always be appreciably lower than 
52 ohms — the characteristic impedance of the 
commonly-used coax line, RG-8/U or RG-58/U. 
Since the length of the transmission line will 
seldom exceed 10 ft., the losses involved will be 
negligible, even at 29 Mc., with a fairly-high s.w.r. 
However, unless a line of this length is made 
reasonably flat, difficulty may be encountered in 
obtaining sufficient coupling with a link toload 
the transmitter output stage. 

One method of obtaining a match is shown in 
Fig. 19-37. A small inductance, LM, is inserted at 
the base of the antenna, the loading-coil induct- 
ance being reduced correspondingly to maintain 
resonance. The line is then tapped on the coil ata 
point where the desired loading is obtained. 
Table 19-I shows the approximate inductance to 
be used between the line tap and ground. It is ad- 
visable to make the experimental matching coil 
larger than the value shown, so that there will 
be provision for varying either side of the proper 
position. The matching coil can also be of the 
plug-in type for changing bands. 


Adjustment 
For operation in the bands from 29 to 1.8 Mc., 


Mobile Antennas 


Fig. 19-37—A method of 
matching the loaded whip to 
52-ohm coax cable. Lr is the 
loading coil and Lm _ the 
matching coil. 


526. COAX 


the whip should first be resonated at 29 Mc. with 
the matching coil inserted, but the line discon- 
nected, using a grid-dip oscillator coupled to the 
matching coil. Then the line should be attached, 
and the tap varied to give proper loading, using 
a link at the transmitter end of the line whose 
reactance is approximately 52 ohms at the oper- 
ating frequency, tightly coupled to the output 
tank circuit. After the proper position for the tap 
has been found, it may be necessary to readjust 
the antenna length slightly for resonance. This 
can be checked on a field-strength meter several 
feet away from the car. 

The same procedure should be followed for each 
of the other bands, first resonating, with the 
g.d.o. coupled to the matching coil, by adjusting 
the loading coil. 

After the position of the matching tap has been 
found, the size of the matching coil can be re- 
duced to only that portion between the tap and 
ground, if desired. If turns are removed here, it 
will be necessary to reresonate with the loading 
coil. 

If an entirely flat line is desired, a s.w.r. indi- 
eator should be used while adjusting the line tap. 
With a good match, it should not be necessary to 
readjust for resonance after the line tap has been 
set. 

It should be emphasized that the figures shown 
in the table are only approximate and may be 
altered considerably depending on the type of 
ear on which the antenna is mounted and the spot 
at which the antenna is placed. 


& ANTENNAS FOR 50 AND 144 MC. 


A Simple Vertical Antenna 


The most convenient type of antenna for 
mobile v.h.f. work is the quarter-wave vertical 
radiator, fed with 50-ohm coaxial line. The an- 
tenna, which may be a flexible telescoping ‘‘fish 
pole,’’ can be mounted in any of several places 
on the car. An ideal mounting spot is on top of 
the car, though rear-deck mounting presents a 
better spot for esthetic reasons. Tests have 
shown that with the car in motion there is no 
observable difference in average performance of 
the antennas, regardless of their mounting posi- 
tions. There may be more in the way of direc- 
tional effects with the rear-deck mount, but the 
over-all advantage of the roof mount is slight. 

A good match may be obtained by feeding 


the simple vertical with 50-ohm line. However, 
it is well to provide some means for tuning the 
system, so that all variables can be taken care 
of. The simplest tuning arrangement consists of 
a variable capacitor connected between the low 
side of the transmitter coupling coil and ground, 
as shown in Fig. 19-38. This capacitor should 


Fig. 19-38—Method of feeding quarter-wave 
mobile antennas with coaxial line. C; should 
have a maximum capacitance of 75 to 100 pyf. 
for 28- and 50-Mc. work. Li is an adjustable link. 


RG-58/U 


have a maximum capacitance of 75 to 100 wuf. 
for 50 Mce., and should be adjusted for maximum 
loading with the least coupling to the transmitter. 
Some method of varying the coupling to the 
transmitter should be provided. 


Horizontal Polarization 


Horizontally polarized antennas have a con- 
siderable advantage over the vertical whip under 
usual conditions of mobile operation. This is 
particularly true when horizontal polarization is 
used at both ends of a line-of-sight circuit, or 
on a longer circuit over reasonably flat terrain. 
An additional advantage, especially on 6 meters, 
is a marked reduction in ignition noise from 
neighboring cars as well as from the station car. 


A Horizontally Polarized Two-Band 
Antenna for V.H.F. 


One type of horizontally-polarized antenna, 
called the ‘‘halo,” is shown in Fig. 19-39. It is 
a dipole bent into a circle, with the ends capaci- 
tively loaded to reduce the circumference. 
Since the 50- and 144-Mc. bands are almost in 
third harmonic relationship, it is possible to 
build a single halo that will work on both bands. 
The antenna is changed from one band to an- 
other by changing the spacing between the end 
loading plates and adjusting the matching 
mechanism. 


Mechanical Details 


The halo is made of ?7/¢-inch aluminum fuel- 
line tubing. This material is both strong and 
very light, but any tubing of about 14-inch 
diameter could be used equally well. The loop is 
67 inches in circumference and the capacitor 
plates are 214 inches square, with the corners 
rounded off. 

To fasten the capacitor plates to the ends of 
the tubing, aluminum rod stock is turned down 
on a lathe to make a tight fit into the ends. This 1s 
tapped for 6-32 thread, and then forced into the 
tubing ends. Holes are drilled through tubing and 
inserts, at each end of the halo, and a screw run 
through each to keep the inserts from turning 
around or slipping out. The binding-head screws 
that hold the plates to the inserts are equipped 
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with lock washers. The holes for mounting the 
ceramic cone spacer are drilled directly below 
the center, midway between the center and the 
edge of the capacitor plates. 

The halo is set into a slot cut in the vertical 
support. This slot should be just big enough to 
permit the halo to be forced into it. The halo 
has to be stiffened, so cut it at the center and 
insert about 2 inches of aluminum rod, again 
turned down on a lathe to fit tightly inside the 
tubing. The two pieces of tubing are then pushed 
together, over the insert, and drilled each side of 
center to pass 6-32 screws. The halo and insert 
are also drilled at the midpoint, to pass the 
mounting screw. This is an 8-32 screw, 114 
inches long. If lathe facilities are not available, 
the mounting of the capacitor plates and the 
securing of the halo to the vertical support can 
be handled with angle brackets. 

Mechanical stability is important so straps 
of aluminum )% inch wide are wrapped around 
the halo either side of the mounting post. These 
are bent at right angles and the ends pulled 
together with a bolt. 

The matching arm is 14/4 inches long, of the 
same material as the halo itself. It is mounted 
below the halo on two 34-inch cone standoffs. 
For convenience in detaching the feed line a 
coaxial fitting is mounted on an L bracket bolted 
to the vertical support. The stator bar of the 
25-upvf. variable capacitor (Johnson 167-2) is 
soldered directly to the coaxial fitting. The rotor 
of the capacitor is connected to the gamma arm 
through a piece of stiff wire. For further stiffen- 
ing an aluminum angle bracket is screwed to the 
lower mounting stud of the capacitor and the 
other end mounted under the screw that holds 
the first cone standoff in place. Contact between 
the arm and the halo proper is made through a 
strap of 14-inch wide aluminum bent to form a 
sliding clip. Be sure that a clean tight contact is 
made between the tubing and the clip, as high 
current flows at this point. A poor or varying 
contact will ruin the effectiveness of the antenna. 


Adjustment 
The capacity-loaded halo is a high-Q device so 
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Fig. 19-39—The 2-band halo as it 

appears when set up for 50-Mc. 

operation. Changing to 144 Mc. in- 

volves decreasing the plate spacing 

by swapping cone insulators, and re- 

setting the gamma matching clip 
and series capacitor. 


it must be tuned on-the-nose, or it will not work 
properly. The only reliable method for adjusting 
a halo is to use a standing-wave bridge, making 
tuning and matching adjustments for minimum 
reflected power. Using a field-strength meter and 
attempting to adjust for maximum radiated 
power can give confusing indications, and is 
almost certain to result in something less than 
maximum effectiveness. 

The adjustment process with this design can 
be simplified if the halo is first resonated approxi- 
mately to the desired frequency ranges with the 
aid of a grid-dip meter. Set the clip at about one 
inch in from the end of the arm, and the series 
capacitor at the middle of its range. Check the 
resonant frequency of the loop with the grid-dip 
meter, with the 34-inch spacer between the ca- 
pacitor plates. It should be close to 50 Me. If 
the frequency is too low, trimming the corners of 
the plates or putting shims under the ceramic 
spacer will raise it somewhat. If the frequency is 
too high already, make new and slightly larger 
capacitor plates. 

Next, insert an s.w.r. bridge between the an- 
tenna and the transmission line. Apply power 
and swing the capacitor through its range, noting 
whether there is a dip in reflected power at any 
point. If the reflected power will not drop to 
zero, slide the clip along the gamma arm and 
retune the capacitor, until the lowest reading 
possible is obtained. If this is still not zero, the 
halo is not resonant. If the halo capacitance is 
on the low side, moving the hands near the 
plates will cause the reflected power to drop. 
Closer spacing of the plates, larger plates or a 
longer halo loop are possible solutions. 

These adjustments should be made on a fre- 
quency near the middle of the range you expect 
to use. Adjusting for optimum at 50.25 Mc., for 
example, will result in usable operation over the 
first 500 ke. of the band, and a good match (be- 
low 1.5 to 1) from 50.1 to 50.4. The s.w.r. will 
rise rapidly either side of this range. 

To tune up on 144 Mc., insert the %-inch cone 
between the capacitor plates. Slide the clip back 
on the gamma arm about 3 to 4 inches and repeat 
the adjustment for minimum reflected power, 


Field-Strength Meter 


using a frequency at the middle of a 2-Mc. range. 
Tuning up at 145 Mc., for example, will give 
quite satisfactory operation from the low end to 
146 Mce., the halo being much broader in fre- 
quency response when it is operated on its third 
harmonic. In this model the series capacitor in 
the gamma arm was at about the middle of its 
range for 50 Mc., and near minimum for 144 
Me. Slight differences in mechanical construction 
may change the value of capacitance required, 
so these settings should not be taken as important. 

The photograph, Fig. 19-39, shows a method 
used to avoid running the chance that the sec- 
ond ceramic cone would be missing when a band 
change was to be made. The head was cut from 
a 6-32 screw, leaving a threaded stud about 14 
inch long. This is screwed into one of the ceramic 
cones. The other cone then serves as a nut, to 
tighten down the capacitor plate. In changing 
bands merely swap cones. (Original description 
appeared in QST, Sept., 1958.) 
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A Field-Strength Meter for Portable-Mobile Use 


The field-strength meter of Figs. 19-40 through 
19-42 can be used in a mobile station as an 
antenna-resonance indicator or as a continuous 
output indicator showing that the transmitting 
system is actually radiating. It is designed to be 
inserted. between the automobile broadcast re- 
ceiving antenna, which acts as the r.f. pick-up, 


Fig. 19-40—A front view of the field-strength meter. 

Sensitivity control Ri is to the right of the O-1 indicating 

meter. Antenna input and output connectors cre mounted 
on the right end of the box. 


Fig. 19-41 —Circuit of the field-strength meter. Ji 
CRi—Crystal diode (1N34A). 

Ji, Je—Automobile type antenna connectors. 
RFC;—2.5 mh. r.f. choke. 

R:—500 ohm potentiometer (Mallory U-2). 
Si—S.p.d.t. switch for above potentiometer. 


Fig. 19-42—Inside view of the meter. The back plate 
shown in the photograph is used as a cover for the box. 


and the broadcast receiver. Small magnets or 
rubber suction cups on the back plate will hold 
the meter securely on top of the car dash. Al- 
though in this position the meter will be face 
up in most cases, it can nevertheless usually be 
read from the driver position. 


Ss; 


1000 suk 
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A handle can be mounted on the meter box so 
that the meter can easily be carried about for 
portable measurements. The same basic layout 
less the handle can be used if the box is to be 
mounted under the dash or in the glove com- 
partment. 

The circuit for the field-strength meter is 
shown in Fig. 19-41. The values shown are not 
critical. Nearly any type of crystal detector can 
be used and the meter movement can be any- 
thing from 100 wa. to 2 ma. or more, depending 
upon the size and placement of the antenna and 
the power output of the transmitter. All com- 
ponents, including the 3-inch indicating meter, 
are housed in a 2 X 6 X 4-inch aluminum chassis. 
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If a smaller meter is used, the box could be re- 
duced in size accordingly. However, in mobile 
operation a large meter is more convenient to 
read while in motion. An illuminated meter 
could be substituted for the one shown in the 
photograph for use at night. A switch, Sj, is 
used in the circuit to switch the antenna to 
the field-strength meter position or straight 
through to the broadcast set. For portable or 
temporary mobile operation, a short pick-up 
wire can be used instead of the automobile re- 
ceiving antenna. The pick-up antenna lead 
comes into a connector mounted on one end of 
the box. There is a second connector for at- 
taching the lead to the broadcast receiver. 


Conelrad Monitoring 


The conelrad rules discussed in the chapters 
on high-frequency receivers and operating a 
station must be observed by amateurs who 
operate mobile. One convenient form of compli- 
ance is by means of a separate tunable converter 
covering the broadcast band, and converting to 
the same i.f. as the if. used by the ham-band 
converter. This type of converter may also be 
used when the car radio is used as the tunable 
i.f. for a broad-band converter, providing that 
the receiver is tuned to the converter i.f. at ten- 
minute intervals. This can be accomplished most 
conveniently by setting one of the push buttons 
to tune the receiver to the monitor output fre- 
quency. 

The circuit of a broadcast-band converter is 
shown in Fig. 19-43. The input circuit CyaLe 
covers the broadcast band. The oscillator circuit 
CipL3 tunes the range of 2050 to 3000 ke. to 
produce an i.f. of 1500 ke. A type 6SA7 may be 
used in the circuit and, of course, either a 12BE6 
or a 12SA7 should be used for 12-volt operation. 

Plates must be removed from Cp to provide 
the required tuning range. The oscillator section 
of the dual unit is the one having the smaller 
number of plates. Starting at the rear, all rotor 
plates except five should be removed. It isn’t 
necessary to remove the unused stators. Be very 
careful to make sure that there are no shorted 


plates after the modification is complete. 

Lz is a ferrite-core loopstick. This coil usually 
comes with a length of wire attached to the 
ungrounded end and wound around the Joopstick. 
When unwound, the short length of wire is 
intended to provide additional pickup if needed. 
Disconnect this wire from Le and, without 
unwinding it, use it for Zy. 

L3 is close-wound with 60 turns No. 30 enam- 
eled, and either tapped at about one third of 
the way up from the ground end, or with a sepa- 
rate cathode coil consisting of about one third 
the number of turns on L3, wound over the ground 
end of L3, and wound in the same direction. The 
bottom end of this winding should be grounded. 

Power for the converter may be taken from the 
car radio supply since the current requirement 
is negligible. With 150 volts at the positive B 
terminal of the converter, the converter draws 
approximately 4 ma. and the drop across Rg is 
about 100 volts. The converter will work well at 
supply voltages up to 350 or more without change 
in the resistance value of 2. The current drain 
will, of course, be higher at the higher supply 
voltages, and the wattage rating of the resistor 
may have to be increased. If current drain is an 
important consideration, the resistance value of 
FR, can be increased in proportion to the increase 
in supply voltage. 


Fig. 19-43—Circuit of the conelrad converter for mobile use. 
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Ci—Dual variable capacitor, broadcast- 
replacement type for superhet 
receivers, CiB altered as described 


nee in the text (approx. 90 yyf.). 
Co—47-ypf. mica. 
M's C3—0.1-pf. 400-volt paper. 
Cs—180-yuuf. mica trimmer (Arco type 
463). 


Li—See text. 

le—BC ferrite 
230 wh.). 

L3s—See text (approx. 65 wh.). 

Ls—National XR-50 iron-slug form wound 
full with No. 32 enam. wire (approx. 
85 wh.). 

Ls—15 turns No. 28 wound over cold end 
of Ls. 


core loopstick (approx. 


Conelrad 


Fig. 19-44—Block diagram showing a switching system 
for the conelrad converter. Ki represents a spare set of 
contacts on the change-over relay. S; is a s.p.d.t. toggle. 
With Ki in the receiving position as shown, power from 
the broadcast receiver may be applied fo either the b.c. 
converter or the ham-band converter. With Ki in the 
transmitting position, power is applied to the broadcast 
converter for conelrad monitoring during 
transmitting periods. 


The oscillator can be checked for proper fre- 
quency range by the use of a grid-dip meter 
before power is applied or, after power has been 
turned on, by listening on a communications 
receiver covering the 2-to-3 Me. range. 

Now connect an antenna to the input of the 
converter and connect the converter to the broad- 
cast receiver. Set the broadcast receiver at 1500 
ke. (or to the frequency normally used with the 
ham-band converter). Turn on the power and 
adjust C4 and the slug of Z4 for a peak in noise 
(if you can’t find a signal). Then adjust the slug 
of LZ. for maximum response. 

Fig. 19-44 shows how the converter can be 
connected into a convenient switch system. 
(Originally described in QST, June, 1957). 


Mobile Power Supply 


By far the majority of amateur mobile in- 
stallations depend upon the car storage battery 
as the source of power. The tube types used in 
equipment are chosen so that the filaments or 
heaters may be operated directly from the 
battery. High voltage may be obtained from 
a supply of the vibrator-transformer-rectifier 
type, a small motor generator or a transistor- 
transformer-rectifier system operating from the 
car battery. 


Filaments 


Because tubes with directly heated cathodes 
(filament-type tubes) have the advantage that 
they can be turned off during receiving periods 
and thereby reduce the average load on the 
battery, they are preferred by some for trans- 
mitter applications. However, the choice of 
types with direct heating is limited and the 
saving may not always be as great as antici- 
pated, because directly heated tubes may re- 
quire greater filament power than those of 
equivalent rating with indirectly heated cath- 
odes. In most cases, the power required for 
transmitter filaments will be quite small com- 
pared to the total power consumed. 


Plate Power 


Under steady running conditions, the vi- 
brator-transformer-rectifier system and the 
motor-generator-type plate supply operate 
with approximately the same efficiency. How- 
ever, for the same power, the motor-genera- 
tor’s over-all eficiency may be somewhat lower 
because it draws a heavier starting current, 
On the other hand, the output of the generator 
requires less filtering and sometimes trouble is 
experienced in eliminating interference from 
the vibrator. 

Transistor-transformer-rectifier plate supplies 
currently available operate with an efficiency of 
approximately 80 per cent. These compact, 
light-weight supplies use no moving parts (vibra- 
tor or armature) or vacuum tubes, and draw no 
starting surge current. Most transistorized sup- 
plies are designed to operate at 12 volts d.c. 


and some units deliver 125 watts or more. 

Converter units, both in the vibrator and 
rotating types, are also available. These operate 
at 6 or 12 volts d.c. and deliver 115 volts a.c. 
This permits operating standard a.c.-powered 
equipment in the car. Although these systems 
have the advantage of flexibility, they are less 
efficient than the previously mentioned systems 
because of the additional losses introduced by 
the transformers used in the equipment. 


Mobile Power Considerations 


Since the car storage battery is a low-voltage 
source, this means that the current drawn 
from the battery for even a moderate amount 
of power will be large. Therefore, it is impor- 
tant that the resistance of the battery circuit 
be held to a minimum by the use of heavy con- 
ductors and good solid connections. A heavy- 
duty relay should be used in the line between the 
battery and the plate-power unit. An ordinary 
toggle switch, located in any convenient position, 
may then be used for the power control. A 
second relay may sometimes be advisable for 
switching the filaments. If the power unit must 
be located at some distance from the battery 
(in the trunk, for instance) the 6- or 12-volt cable 
should be of the heavy military type. 

A complete mobile installation may draw 
30 to 40 amperes or more from the 6-volt bat- 
tery or better than 20 amperes from a 12-volt 
battery. This requires a considerably increased 
demand from the car’s battery-charging gen- 
erator. The voltage-regulator systems on cars 
of recent years will take care of a moderate 
increase in demand if the car is driven fair dis- 
tances regularly at a speed great enough to 
insure maximum Ccharging rate. However, if 
much of the driving is in urban areas at slow 
speed, or at night, it may be necessary to 
modify the charging system. Special commu-_ 
nications-type generators, such as those used 
in police-car installations, are designed to 
charge at a high rate at slow engine speeds. 
The charging rate of the standard system can 
be increased within limits by tightening up 
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slightly on the voltage-regulator and current- 
regulator springs. This should be done with cau- 
tion, however, checking for excessive generator 
temperature or abnormal sparking at the com- 
mutator. The average 6-volt car generator has a 
rating of 35 amperes, but it may be possible to 
adjust the regulator so that the generator will at 
least hold even with the transmitter, receiver, 
lights, ete., all operating at the same time. 

If higher transmitter power is used, it may 
be necessary to install an a.c. charging system. 
In this system, the generator delivers a.c. and 
works into a rectifier. A charging rate of 
75 amperes is easily obtained. Commutator 
trouble often experienced with d.c. generators 
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at high current is avoided, but the cost of such 
a system is rather high. ; 

Some mobile operators prefer to use a sep- 
arate battery for the radio equipment. Such a 
system can be arranged with a switch that cuts 
the auxiliary battery in parallel with the car 
battery for charging at times when the car 
battery is lightly loaded. The auxiliary battery 
can also be charged at home when not in use. 

A tip: many mobile operators make a habit 
of carrying a pair of heavy cables five or six 
feet long, fitted with clips to make a connec- 
tion to the battery of another car in case the 
operator’s battery has been allowed to run too 
far down for starting. 


The Automobile Storage Battery © 


The success of any mobile installation depends 
to a large extent upon intelligent use and main- 
tenance of the car’s battery. 

The storage battery is made up of units con- 
sisting of a pair of coated lead plates immersed 
in a solution of sulphuric acid and water. Cells, 
each of which delivers about 2 volts, can be 
connected in series to obtain the desired battery 
voltage. A 6-volt battery therefore has three 
cells, and a 12-volt battery has 6 cells. The 
average stock car battery has a rated capacity 
of 600 to 800 watt-hours, regardless of whether 
it is a 6-volt or 12-volt battery. 


Specific Gravity and the Hydrometer 


As power is drawn from the battery, the acid 
content of the electrolyte is reduced. The acid 
content is restored to the electrolyte (meaning 
that the battery is recharged) by passing a 
current through the battery in a direction op- 
posite to the direction of the discharge current. 

Since the acid content of the electrolyte varies 
with the charge and discharge of the battery, it is 
possible to determine the state of charge by 
measuring the specific gravity of the electrolyte. 

An inexpensive device for checking the s.g. is 
the hydrometer which can be obtained at any 
automobile supply store. In checking the s.g., 
enough electrolyte is drawn out of the cell and 
into the hydrometer so that the calibrated bulb 
floats freely without leaning against the wall of 
the glass tube. 

While the readings will vary slightly with bat- 
teries of different manufacture, a reading of 1.275 
should indicate full charge or nearly full charge, 
while a reading below 1.150 should indicate a 
battery that is close to the discharge point. More 
specific values can be obtained from the car or 
battery dealer. 

Readings taken immediately after adding 
water, or shortly after a heavy discharge period 
will not be reliable, because the electrolyte will 
not be uniform throughout the cell. Charging 
will speed up the equalizing, and some mixing can 
be done by using the hydrometer to withdraw 
and return some of the electrolyte to the cell 
several times. 
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A battery should not be left in a discharged 
condition for any appreciable length of time. 
This is especially important in low temperatures 
when there is danger of the electrolyte freezing 
and ruining the battery. A battery discharged to 
an s.g. of 1.100 will start to freeze at about 20 
degrees F., at about 5 degrees when the s.g. is 
1.150 and at 16 below when the s.g. is 1.200. 

If a battery has been run down to the point 
where it is nearly discharged, it can usually be 
fast-charged at a battery station. Fast-charging 
rates may be as high as 80 to 100 amperes for a 
6-volt battery. Any 6-volt battery that will ac- 
cept a charge of 75 amperes at 7.75 volts during 
the first 3 minutes of charging, or any 12-volt 
battery that will accept a charge of 40 to 45 
amperes at 15.5 volts, may be safely fast-charged 
up to the point where the gassing becomes so 
excessive that electrolyte is lost or the tempera- 
ture rises above 125 degrees. 

A normal battery showing an s.g. of 1.150 
or less may be fast-charged for 1 hour. One 
showing an s.g. of 1.150 to 1.175 may be fast- 
charged for 45 minutes. If the s.g. is 1.175 to 
1.200, fast-charging should be limited to 30 
minutes. 


Care of the Battery 


The battery terminals and mounting frame 
should be kept free from corrosion. Any corrosive 
accumulation may be removed by the use of 
water to which some household ammonia or 
baking soda has been added, and a stiff-bristle 
brush. Care should be taken to prevent any of the 
corrosive material from falling into the cells. 
Cell caps should be rinsed out in the same solution 
to keep the vent holes free from obstructing dirt. 
Battery terminals and their cable clamps should 
be polished bright with a wire brush, and coated 
with mineral grease. 

The hold-down clamps and the battery holder 
should be checked occasionally to make sure 
that they are tight so the battery will not be 
damaged by pounding when the car is in motion. 


Voltage Checks 


Although the readings of s.g. are quite reliable 
as a measure of the state of charge of a normal 
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battery, the necessity for frequent use of the 
hydrometer is an inconvenience and will not 
always serve as a conclusive check on a defective 
battery. Cells may show normal or almost normal 
s.g. and yet have high internal resistance that 
ruins the usefulness of the battery under load. 

When all cells show satisfactory s.g. readings 
and yet the battery output is low, service stations 
check each cell by an instrument that measures 
the voltage of each cell under a heavy load. 
Under a heavy load the cell voltages should 
not differ by more than 0.15 volt. 

A load-voltage test can also be made by meas- 
uring the voltage of each cell while closing the 
starter switch with the ignition turned off. In 
many cars it is necessary to pull the central dis- 


tributor wire out to prevent the motor starting. 


Electrolyte Level 


Water is evaporated from the electrolyte, but 
the acid is not. Therefore water must be added 
to each cell from time to time so that the plates 
are always completely covered. The level should 
be checked at least once per week, especially 
during hot weather and constant operation. 

Distilled water is preferred for replenishing, 
but clear drinking water is an acceptable substi- 
tute. Too much water should not be added, since 
the gassing that accompanies charging may force 
electrolyte out through the vent holes in the caps 
of the cells. The electrolyte expands with tem- 
perature. (From QST, August, 1955.) 


Emergency and Independent Power Sources 


Emergency power supply which operates in- 
dependently of a.c. lines is available, or can be 
built in a number of different forms, depending 
upon the requirements of the service for which 
it is intended. 

The most practical supply for the average 
individual amateur is one that operates from 
a car storage battery. Such a supply may take 
the form of a small motor generator (often called 
a dynamotor), a rotary converter, a vibrator- 
transformer-rectifier combination, or transistor 


supply. 
Dynamotors 


A dynamotor differs from a motor generator 
in that it is a single unit having a double arma- 
ture winding. One winding serves for the 
driving motor, while the output voltage is 
taken from the other. Dynamotors usually are 
operated from 6-, 12-, 28- or 32-volt storage 
batteries and deliver from 300 to 1000 volts 
or more at various current ratings. 

Successful operation of dynamotors requires 
heavy direct leads, mechanical isolation to re- 
duce vibration, and thorough r.f. and ripple fil- 
tration. The shafts and bearings should be thor- 
oughly ‘‘run in” before regular operation is at- 
tempted, and thereafter the tension of the bear- 
ings should be checked occasionally to make 
certain that no looseness has developed. 

In mounting the dynamotor, the support 
should be in the form of rubber mounting 
blocks, or equivalent, to prevent the transmis- 
sion of vibration mechanically. The frame of 
the dynamotor should be grounded through a 
heavy flexible connector. The brushes on the 
high-voltage end of the shaft should be by- 
passed with 0.002-uf. mica capacitors to a 
common point on the dynamotor frame, pref- 
erably to a point inside the end cover close to the 
brush holders. Short leads are essential. It may 
prove desirable to shield the entire unit, or even 
to remove the unit to a distance of three or four 
feet from the receiver and antenna lead. 

When the dynamotor is used for receiving, a 
filter should be used similar to that described 


for vibrator supplies. A 0.01-uf. 600-volt (d.c.) 
paper capacitor should be connected in shunt 
across the output of the dynamotor, followed by 
a 2.5-mh. r.f. choke in the positive high-voltage 
lead. From this point the output should be run to 
the receiver power terminals through a smoothing 
filter using 4- to 8-uf. capacitors and a 15- or 
30-henry choke having low d.c. resistance. 


Vibrator Power Supplies 


The vibrator type of power supply consists 
of a special step-up transformer combined with 
a vibrating interrupter (vibrator). When the 
unit is connected to a storage battery, plate 
power is obtained by passing current from the 
battery through the primary of the trans- 
former. The circuit is made and reversed 
rapidly by the vibrator contacts, interrupting 
the current at regular intervals to give a 
changing magnetic field which induces a volt- 
age in the secondary. The resulting square- 
wave d.c. pulses in the primary of the trans- 
former cause an alternating voltage to be 
developed in the secondary. This high-voltage 
a.c. in turnis rectified, either by a vacuum-tube 
rectifier or by an additional synchronized pair 
of vibrator contacts. The rectified output is 
pulsating d.c., which may be filtered by ordi- 
nary means. The smoothing filter can be a 
single-section affair, but the output capaci- 
tance should be fairly large — 16 to 32 uf. 

Fig. 19-45 shows the two types of circuits. At 
A is shown the nonsynchronous type of vibra- 
tor. When the battery is disconnected the 
reed is midway between the two contacts, 
touching neither. On closing the battery circuit 
the magnet coil pulls the reed into contact 
with one contact point, causing current to flow 
through the lower half of the transformer 
primary winding. Simultaneously, the magnet 
coil is short-circuited, deénergizing it, and the 
reed swings back. Inertia carries the reed into 
contact with the upper point, causing current 
to flow through the upper half of the trans- 
former primary. The magnet coil again is en- 
ergized, and the cycle repeats itself. 
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Fig. 19-45—Basic types of vibrator power-supply 
circuits. A—Nonsynchronous. B—Synchronous. 


The synchronous circuit of Fig. 19-45B is 
provided with an extra pair of contacts which 
rectify the secondary output of the trans- 
former, thus eliminating the need for a sepa- 
rate rectifier tube. The secondary center-tap 
furnishes the positive output terminal when 
the relative polarities of primary and second- 
ary windings are correct. The proper connec- 
tions may be determined by experiment. 

The buffer capacitor, Co, across the trans- 
former secondary, absorbs the surges that 
occur on breaking the current, when the mag- 
netic field collapses practically instantaneously 
and hence causes very high voltages to be 
induced in the secondary. Without this capacitor 
excessive sparking occurs at the vibrator con- 
tacts, shortening the vibrator life. Correct 
values usually lie between 0.005 and 0.03 uf., 
and for 250-300-volt supplies the capacitor 
should be rated at 1500 to 2000 volts d.c. The 
exact capacitance is critical, and should be 
determined experimentally. The optimum 
value is that which results in least battery 
current for a given rectified d.c. output from 
the supply. In practice the value can be deter- 
mined by observing the degree of vibrator 
sparking as the capacitance is changed. When 
the system is operating properly there should 
be practically no sparking at the vibrator con- 
tacts. A 5000-ohm resistor in series with C2 will 
limit the secondary current to a safe value 
should the capacitor fail. 

Vibrator-transformer units are available in a 
variety of power and voltage ratings. Repre- 
sentative units vary from one delivering 125 
to 200 volts at 100 ma. to others that have a 
400-volt output rating at 150 ma. Most units 
come supplied with ‘‘hash”’ filters, but not all 
of them have built-in ripple filters. The re- 
quirements for ripple filters are similar to those 
for a.c. supplies. The usual efficiency of 
vibrator packs is in the vicinity of 70 per cent, 
so a 3800-volt 200-ma. unit will draw ap- 
proximately 15 amperes from a 6-volt storage 
battery. Special vibrator transformers are also 
available from transformer manufacturers so 


492 


19-—- MOBILE EQUIPMENT 


that the amateur may build his own supply if 
he so desires. These have d.c. output ratings 
varying from 150 volts at 40 ma. to 3380 volts 
at 135 ma. 

Vibrator-type supplies are also available for 
operating standard a.c. equipment from a 6- or 
12-volt storage battery in power ratings up to 100 
watts continuous or 125 watts intermittent. 


''Hash’’ Elimination 


’ Sparking at the vibrator contacts causes r.f. 
interference (‘‘hash,’’ which can be distin- 
guished from hum by its harsh, sharper pitch) 
when used with a receiver. To minimize this, 
r.f. filters are incorporated, consisting of RFC, 
and C; in the battery circuit, and 2 FC, with C3 
in the d.c. output circuit. 

Equally as important as the hash filter is 
thorough shielding of the power supply and 
its connecting leads, since even a small piece 
of wire or metal will radiate enough r.f. to cause 
interference in a sensitive amateur receiver. 

The power supply should be built on a metal 
chassis, with all unshielded parts underneath. A: 
bottom plate to complete the shielding is advis- 
able. The transformer case, vibrator cover and 
the metal shell of the tube all should be grounded 
to the chassis. If a glass tube is used it should be 
enclosed in a tube shield. The battery leads should 
be evenly twisted, since these leads are more 
likely to radiate hash than any other part of a 
well-shielded supply. Experimenting with differ- 
ent values in the hash filters should come afler 
radiation from the battery leads has been re- 
duced to a minimum. Shielding the leads is not 
often found to be particularly helpful. 


@ UNIVERSAL VIBRATOR 
POWER SUPPLY 


A vibrator-type power supply may be de- 
signed to operate from a storage battery only, 
or from either a battery or 115 volts a.c. Most 
late-model cars use 12-volt batteries, but there 
are still many cars with 6-volt systems in opera- 
tion —a point that should be given due con- 
sideration where emergency operation is an 
objective. 

The circuit of a universal power supply for 
emergency, mobile, or home-station use is shown 
in Fig. 19-46. The unit furnishes a d.c. output 
of 300 volts at 160 ma. and can be operated 
from any of the above-mentioned sources. Shift- 
ing from one power source to another is accom- 
plished by plugging P; or Pe, connected to the 
selected source, into one of the two chassis con- 
nectors J; or Jy. The vibrator-primary current is 
11.6 amperes with 6-volt input under loaded 
conditions, and 6.8 amperes with 12-volt input. 


Heater Connections 


To adapt equipment for optional 6- or 12-volt 
operation, 6-volt tubes must be used with their 
heaters in series-parallel. Fig. 19-47 shows a 
typical example of connections. The tubes in the 
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Fig. 19-46—Circuit of the universal power supply. All capacitances are in uf. 


C:—Buffer capacitor, tubular plastic. 

C2, Cs—Hash-filter capacitor, paper. 

Cs—Hash-filter capacitor, disk ceramic. 

Cs, Ce—Ripple-filter capacitor, 5 uf. or more, 600-volt 
oil-filled or electrolytic. 

F,—3-amp. cartridge fuse (Littlefuse type 3AG) in 
extractor-post mounting (Littlefuse 341001). 

Fo—20-amp. cartridge fuse (Littlefuse type SFE) in 
in-line fuse retainer (Littlefuse 155020). 

l:—Neon pilot lamp. 

Ji, Jz—12-contact male chassis connector (Cinch-Jones 
P-312-AB). 

Jz, Ja—6-contact female chassis connector (Cinch-Jones 
S-306-AB). 

Li: —5-h. 200-ma. 80-ohm filter choke (Merit C-1396, 

; Stancor C-1411). 

P;, Ps—12-contact female cable connector (Cinch-Jones 
$-312-CCT). 

Ps, Ps—6-contact male cable connector (Cinch-Jones 
P-306-CCT). 

P;—Cigar-lighter plug (Mallory R-675). 


equipment should be divided into two groups 
whose heater-current ratings total as closely as 
possible the same value. The heaters in each 
group should be connected in parallel, and the 
two groups then connected in series. If it is im- 
possible to arrive at a grouping that will have 
exactly the same total current, a resistor may 
be connected in parallel with the group drawing 
the smaller current as shown. The value of this 
resistor should be such that it will draw enough 
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Ri —Buffer resistor. 

Re—Series voltage-dropping resistor for receiver, slider 
adjustable. 

RFC: —30 turns No. 14 enam., Y2-inch diam., close-wound. 

RFCo— 1-mh. r.f. choke (National R-300-U, Millen 34106). 

Si—S.p.s.t. toggle switch. 

Se—S.p.d.t. toggle switch. 

$3—S.p.d.t. toggle, or other, at transmitter. 

Ti1—Combination power transformer: 6-volt d.c. vibrator 
or 115 v. a.c. input; 300 volts, 160 ma.; 6.3 
volts 3 amp.; 6.3-volt 4.5-amp. tap on vibrator 
primary (Merit P-3176). Numbered terminals 
are color-coded as follows: 1—heavy green; 
2—yellow; 3—light green; 4—black; 5—brown; 
6—blue; 7—white; 8—red; 9—red-yellow; 
10—red; 11 and 12—black. 

Xi—4-prong tube socket for 6-volt vibrator (Mallory 
4501 vibrator). 

X2—4-prong tube socket for 12-volt vibrator (Mallory 
G4501 vibrator). 


current at 6 volts to make up the difference be- 
tween the two totals. One side of one group may 
be grounded to chassis but the other side of this 
group and both sides of the second group must 
be insulated. 


Switching Circuits 


Battery input connections are made through 
P; which plugs into a cigar-lighter socket in 
mobile service, /’2 1s a fuse which is inserted in the 
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Fig. 19-47—Circuit 
showing typical series- 
parallel heater connec- 
tions for 6-volt and 
6/12-volt tubes. Re- 
sistor Ri is used when 
necessary to balance 
the currents in the two 
branches as described 
in the text. The dashed 
line shows how the 
switching system con- 
nects all tubes in paral- 
lel for 6-volt opera- 
tion by grounding. 


cord between Ps; and P}. 

For 6-volt operation P; is plugged into J}. 
For 12-volt operation P; is plugged into Je. 
For 115-volt a.c. operation P»2 is plugged into J. 

Positive high-voltage output from the supply 
is fed to Pins 3 on output connectors J3 and J4. 
The three heater connections are made through 
Pins 1, 2 and 6. The cable for transmitter plug 
P3 has provision for connecting to a transmit- 
receive switch (S3) at the transmitter. In the 
transmit position the plate voltage is fed to the 
transmitter. In the receive position the switch 
feeds the plate voltage, via Pin 4, through series 
voltage-dropping resistor R2 to Pin 4 on the other 
output jack and thence to the receiver. It will be 
noticed that the same circuit results with Ps: 
and P, in either output jack. 


Construction 


The unit is constructed on a 7 X 12 X 3-inch 
chassis, with only the transformer and output 
connectors J3 and J4 above deck. The two recti- 
fier tubes and both vibrators are mounted below 
deck for compactness and shielding. This leaves 
a clear area on top of the chassis for mounting a 
receiver or small transmitter. Adequate ventila- 
tion is provided by patterns of 14-inch holes in 
the top of the chassis, directly over the rectifier 
tubes, and along the bottom edge of the chassis 
on both sides. 

The pilot lamp, a.c. power switch and filter 
switch Sg can be mounted on the front end of 
the chassis, with fuse /, and the input jacks at 
the other end. Shielding should be completed 
with a chassis bottom plate. 


Operation 


Although the circuit is arranged so that no 
| damage will occur if a mistake is made, the input 
connectors should be plainly marked to avoid 
plugging a cable into the wrong socket. 

Original description appeared in QST, Oct., 
1957.) 


@ TRANSISTOR POWER SUPPLIES 


A mobile or portable power supply using 
transistors has high over-all efficiency at its 
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rated power output. Since there are no moving 
parts there are few maintenance problems. Ca- 
pacitors and resistors may occasionally need re- 
placement, but if the transistors are operated 
within their electrical and thermal ratings, their 
life expectancy is in terms of years rather than 
hours. 

In a transistor power supply, the transistors 
operate as electronic switches to interrupt the 
d.c. through the primary of the power trans- 
former much like the mechanical vibrator does 
in a vibrator supply. 

When voltage is applied to the power supply 
circuit, current will flow through the transistors; 
however, since no two transistors are precisely 
alike electrically, initially one will conduct a 
little more current than the other. This differ- 
ence current or “‘starting’”’ current will cause a 
small voltage to be induced in the transformer — 
winding connected to the bases of the transistors. 
The polarity is such that the conducting tran- 
sistor is biased to conduct even more heavily 
while the base of the other transistor is biased to 
cutoff. This process continues until the increasing 
current causes magnetic saturation of the trans- 
former core, at which time the induced voltage 
drops to zero and there is no longer enough base 
bias to maintain the collector current. When this 
happens the current decreases, causing an in- 
duced voltage of opposite polarity. The process 
then reverses so that the previously nonconduct- 
ing transistor starts to conduct and the previ- 
ously conducting transistor becomes cut off. The 
result is an alternating current of square-wave 
form through the transformer primary. This in 
turn induces a stepped-up voltage in the h.v. 
secondary of the transformer. 

The transistor supply is self-protecting against 
overload because if a short circuit or heavy over- 
load occurs oscillations cease and the input cur- 
rent drops to a low value. The output voltage 
regulation is extremely good making the tran- 
sistor supply especially useful as a source of 
plate or screen power for a single-sideband mo- 
bile or portable rig. 

Transistor power transformers are available 
in both conventional and toroidal construction, 
with outputs ranging up to 150 watts. The 
circuit shown in Fig. 19-48, a typical transistor 
power supply, has an output of about 350 volts 
at 160 ma. It uses eight selenium rectifiers in a 
bridge circuit but four silicon-type power diodes 
having an inverse peak voltage rating of 800 
volts or more could be substituted with a sub- 
stantial saving in space. The center-tapped 
secondary of 7 provides a half-voltage source 
that may be used simultaneously with the high 
voltage. 

In a transistor power supply circuit that has 
not been properly designed, small spikes may 
appear on the leading edges of the square wave 
generated in the transistor power oscillator. 
Iiven though the spikes are of short duration 
they can cause punch-through of the transistor 
junction if the total voltage exceeds the transis- 
tor collector-to-emitter rating. The amplitudes 
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Fig. 19-48 — Circuit of the 
transistor power supply. Re- 
sistances are in ohms. 
Ci—2000 uf., 15 volts (2 
paralleled 1000 uf. 
electrolytics, Sprague 

TVA 1163). 

CR; through CRs—150 ma. 
selenium rectifier 
(Sarkes-Tarzian 150). 

F,—10- amp. fuse. 

Qi, Qe—2N278 (Delco DS- 
501). 

Ti—Transistor power trans- 
former (Sunair 
Electronics type 
14-450-12. Available 
from Sunair Electronics, 
Inc., Broward County 
International Airport, 
Ft. Lauderdale, Fla.) 


of these spikes can be held to a safe value if the 
primary and secondary coils on the power trans- 
former are tightly coupled (bifilar wound) and 
a large capacitor (C; in Fig. 19-48) is connected 
across the low voltage supply. 

It is very important to provide good heat 
transfer from the mounting bases of the transis- 
tors to the chassis. The transistor junction tem- 
perature must not be allowed to exceed the 
manufacturer’s ratings or thermal runaway will 
occur and the transistors will become useless. 
Layout of the parts is not critical. A conventional 
box type chassis may be used; the larger the 
surface area the better, since that means more 
rapid heat transfer from the transistors. 

Since heat is the prime limiting factor in 
transistor power supply operation, placement of 
the unit in the car should have special consid- 
eration. Try to find a location away from high- 
temperature spots and in a well-ventilated area. 


@ GASOLINE-ENGINE DRIVEN 
GENERATORS 


For higher-power installations, such as for 
communications control centers during emer- 
gencies, the most practical form of independent 
power supply is the gasoline-engine driven 
generator which provides standard 115-volt 
60-cycle supply. 

Such generators are ordinarily rated at a 
minimum of 250 or 300 watts. They are avail- 
able up to ten kilowatts, or. big enough to 
handle the highest-power amateur rig. Most 
are arranged to charge automatically an aux- 
iliary 6- or 12-volt battery used in starting. 
Fitted with self-starters and adequate mufflers: 
and filters, they represent a high order of per- 
formance and efficiency. Many of the larger 
models are liquid-cooled, and they will operate 


continuously at full load. 

The output frequency of an engine-driven 
generator must fall between the relatively 
narrow limits of 50 to 60 cycles if standard 
60-cycle transformers are to operate efficiently 
from this source. A 60-cycle electric clock pro- 
vides a means of checking the output frequency 
with a fair degree of accuracy. The clock is 
connected across the output of the generator 
and the second hand is checked closely against 
the second hand of a watch. The speed of the 
engine is adjusted until the two second hands 
are in synchronism. 

Output voltage should be checked with a 
voltmeter since a standard 115-volt lamp bulb, 
which is sometimes used for this purpose, is 
very inaccurate. 


Noise Elimination 


Electrical noise which may interfere with re- 
ceivers operating from engine-driven a.c. gen- 
erators may be reduced or eliminated by tak- 
ing proper precautions. The most important 
point is that of grounding the frame of the 
generator and one side of the output. The 
ground lead should be short to be effective, 
otherwise grounding may actually increase the 
noise. A water pipe may be used if a short con- 
nection can be made near the point where the 
pipe enters the ground, otherwise a good sepa- 
rate ground should be provided. 

The next step is to loosen the brush-holder 
locks and slowly shift the position of the 
brushes while checking for noise with the re- 
ceiver. Usually a point will be found (almost 
always different from the factory setting) 
where there is a marked decrease in noise. 

From this point on, if necessary, bypass 
capacitors from various brush holders to the 
frame, as shown in Fig. 19-49, will bring the 
hash down to within 10 to 15 per cent of its 
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TABLE 19-IIl 
Service life of some typical zinc-carbon cells and batteries 


Cell or Battery 


1.5 v. pen light cell 
1.5 v. flash light cell 
1.5 v. ignition cell 


45 v., 67.5 v., 90 v. 
B-battery 


original intensity, if not entirely eliminating it. 
Most of the remaining noise will be reduced 
still further if the high-power audio stages 
are cut out and a pair of headphones is con- 
nected into the second detector. 
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Fig. 19-49—Connections used for eliminating interference 
from gas-driven generator plants. C should be 1 uf., 
300 volts, paper, while C2 may be 1 uf. with a voltage 
rating of twice the d.c. output voltage delivered by the 
generator. X indicates an added connection between 
the slip ring on the grounded side of the 
line and the generator frame. 


@ POWER FOR PORTABLES 
Dry Cell Batteries 


Dry-cell batteries are a practical source of 
power for supplying portables or equipment 
which must be transported on foot. However, 
they are costly and have limited current capa- 


ASA Cell Size 


4 hours per 
day service 


Continuous 
service 


bility. The zinc-carbon cells lose their power 
even when not in use, if allowed to stand idle for 
periods of a year or more. This makes them 
uneconomical if not used more or less con- 
tinuously. 

The mercury cell has a much higher ratio of 
ampere-hour capacity to volume at higher cur- 
rent densities than are obtainable from the con- 
ventional dry cell. Mercury batteries are well 
suited for emergency portable operation even 
after many months of storage. 

Typical service life data for several types of 
zinc-carbon cells and batteries is given in Table 
19-III. The figures show length of service time ~ 
before the cell terminal voltage drops to 1.0 
volt (in B-batteries, when individual cells reach 
1.0 volt). 

Mercury batteries and cells are available in 
several sizes and shapes. Some may be oper- 
ated at current drains up in the ampere range 
and others are available in potentials in the 
hundreds of volts. A typical 1.35-volt mercury 
cell measuring only 2144 X 24% X 23% inches, 
has a capacity of 43 ampere hours (maximum 
current 3 amperes). Cells of this type would be 
useful for filament or heater applications. A 
representative mercury B-battery has a voltage 
of 67.5 volts and a capacity of 3.6 ampere hours 
(maximum current 250 ma.). It measures about 
334 X 1% X 10% inches, 
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Construction 


Practices 


@ TOOLS AND MATERIALS 


While an easier, and perhaps a better, job 
can be done with a greater variety of tools 
available, by taking a little thought and 
care it is possible to turn out a fine piece of 
equipment with only a few of the common 
hand tools. A list of tools which will be in- 
dispensable in the construction of radio 
equipment will be found on this page. With 
these tools it should be possible to perform 
any of the required operations in preparing 


INDISPENSABLE TOOLS 

Long-nose pliers, 6-inch. 

Diagonal cutting pliers, 6-inch. 

Wire stripper. 

Screwdriver, 6- to 7-inch, 14-inch blade. 

Screwdriver, 4- to 5-inch, %-inch blade. 

Scratch awl or scriber for marking lines. 

Combination square, 12-inch, for laying out work. 

Hand drill, '4-inch chuck or larger, 2-speed type 
preferable. 

Electric soldering iron, 100 watts, 4-in. tip. 

Hack saw, 12-inch blades. 

Center punch for marking hole centers. 

Hammer, ball-peen, 1-lb. head. 

Heavy knife. 

Yardstick or other straightedge. 

Carpenter’s brace with adjustable hole cutter or 
socket-hole punches (see text). 

Large, coarse, flat file. 

Large round or rat-tail file, 44-inch diameter. 

Three or four small and medium files—flat, round, 
half-round, triangular. 

Drills, particularly 14-inch and Nos, 18, 28, 33, 42 
and 50. 

Combination oil stone for sharpening tools. 

Solder and soldering paste (noncorroding). 

Medium-weight machine oil. 


ADDITIONAL TOOLS 

Bench vise, 4-inch jaws. 
Tin shears, 10-inch, for cutting thin sheet metal. 
Taper reamer, 44-inch, for enlarging small holes. 
Taper reamer, 1-inch, for enlarging holes. 
Countersink for brace. 
Carpenter’s plane, 8- to 12-inch, for woodworking. 
Carpenter’s saw, crosscut. 
Motor-driven emery wheel for grinding. 
Long-shank screwdriver with screw-holding clip 

for tight places. 
Set of ‘‘Spintite’’ socket wrenches for hex nuts. 
Set of small, flat, open-end wrenches for hex nuts. 
Wood chisel, 14-inch. 
Cold chisel, 14-inch. 
Wing dividers, 8-inch, for scribing circles. 
Set of machine-screw taps and dies. 
Dusting brush. 
Socket punches, esp. 54”, 34’’, 144” and 14”. 


CHAPTER 20 


panels and metal chassis for assembly and 
wiring. It is an excellent idea for the amateur 
who does constructional work to add to his 
supply of tools from time to time as finances 
permit. 

Several of the pieces of light woodworking 
machinery, often sold in hardware stores and 
mail-order retail stores, are ideal for amateur 
radio work, especially the drill press, grinding 
head, band and circular saws, and jointer. Al- 
though not essential, they are desirable should 
you be in a position to acquire them. 


Twist Drills 


Twist drills are made of either high-speed 
steel or carbon steel. The latter type is more 
common and will usually be supplied unless 
specific request is made for high-speed drills. 
The carbon drill will suffice for most ordinary 
equipment construction work and costs less 
than the high-speed type. 

While twist drills are available in a number 
of sizes those listed in bold-faced type in Table 
20-I will be most commonly used in construc- 
tion of amateur equipment. It is usually de- 
sirable to purchase several of each of the 
commonly used sizes rather than a standard set, 
most of which will be used infrequently if at all. 


Care of Tools 


The proper care of tools is not alone a mat- 
ter of pride to a good workman. He also real- 
izes the energy which may be saved and the 
annoyance which may be avoided by the pos- 
session of a full kit of well-kept sharp-edged 
tools. 

Drills should be sharpened at frequent in- 
tervals so that grinding is kept at a minimum 
each time. This makes it easier to maintain the 
rather critical surface angles required for best 
cutting with least wear. Occasional oilstoning 
of the cutting edges of a drill or reamer will ex- 
tend the time between grindings. 

The soldering iron can be kept in good 
condition by keeping the tip well tinned with 
solder and not allowing it to run at full voltage 
for long periods when it is not being used. 
After each period of use, the tip should be re- 
moved and cleaned of any scale which may 
have accumulated. An oxidized tip may be 
cleaned by dipping it in sal ammoniac while 
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hot and then wiping it clean with a rag. If the 
tip becomes pitted it should be filed until 
smooth and bright, and then tinned immedi- 
ately by dipping it in solder. 


Useful Materials 


Small stocks of various miscellaneous ma- 
terials will be required in constructing radio 
apparatus, most of which are available from 
hardware or radio-supply stores. A representa- 
tive list follows: 


Sheet aluminum, solid and perforated, 16 or 18 
gauge, for brackets and shielding. 

4 X -inch aluminum angle stock. 

14-inch diameter round brass or aluminum rod 
for shaft extensions. 

Machine screws: Round-head and flat-head, 
with nuts to fit. Most useful sizes: 4-36, 
6-32 and 8-82, in lengths from 14 inch to 
114% inches. (Nickel-plated iron will be 
found satisfactory except in strong r.f. 
fields, where brass should be used.) 

Bakelite, lucite and polystyrene scraps. 

Soldering lugs, panel bearings, rubber 
grommets, terminal-lug wiring strips, var- 
nished-cambric insulating tubing. 

Shielded and unshielded wire. 

Tinned bare wire, Nos. 22, 14 and 12. 


Machine screws, nuts, washers, soldering 
lugs, etc., are most reasonably purchased in 
quantities of a gross. 


@ CHASSIS WORKING 


With a few essential tools and proper pro- 
cedure, it will be found that building radio 
gear on a metal chassis is no more of a chore 
than building with wood, and a more satisfac- 
tory job results. Aluminum is to be preferred to 
steel, not only because it is a superior shielding 
material, but because it is much easier to work 
and to provide good chassis contacts. 

The placing of components on the chassis 
is shown quite clearly in the photographs in 
this Handbook. Aside from certain essential 
dimensions, which usually are given in the text, 
exact duplication is not necessary. 

Much trouble and energy can be saved by 
spending sufficient time in planning the job. 
When all details are worked out beforehand 


Fig. 20-1—Method of measuring the heights of capacitor 
shafts, etc. If the square is adjustable, the end of the scale 
should be set flush with the face of the head. 
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TABLE 20-1 
Numbered Drill Sizes 
Drilled for 
Diameter Will Clear Tapping Iron, 
Number (mils) Screw Steel or Brass* 

1 228.0 — _ 

2 221.0 12-24 — 

3 213.0 —_ 14-24 

4 209.0 12-20 — 

5 205.0 _— — 

6 204.0 _ — 

7 201.0 — -—— 

8 199.0 — — 

9 196.0 = — 
10 193.5 10-32 _ 
11 191.0 10-24 _ 
12 189.0 — — 
13 185.0 — — 
14 182.0 ~~ — 
15 180.0 _ me 
16 177.0 —_— 12-24 
17 L7S20 _— _ 
18 169.5 8-32 _ 
19 166.0 _ 12-20 
20 161.0 _— ray 
74 159.0 — 10-32 
22 157.0 — — 
23 154.0 — -—— 
24 152.0 —_ _ 
25 149.5 _ 10-24 
26 147.0 —_ —_ 
27 144.0 —_ a 
28 140.0 6-32 = 
29 136.0 _— 8-32 
30 128.5 —_— —— 
31 120.0 _— 

32 116.0 —_ -—— 
33 113.0 4—36, 4-40 —_ 
34 pK _ _ 
35 110.0 — 6-32 
36 106.5 _— —_— 
37 104.0 — — 
38 101.5 _ co 
39 099.5 3-48 — 
40 098.0 _ _— 
41 096.0 == = 
42 093.5 —_ 4-36, 4-40 
43 089.0 2-56 — 
44 086.0 _ = 
45 082.0 _ 3-48 
46 081.0 — — 
47 078.5 — =: 
48 076.0 —_— as 
49 073.0 —_ 2-56 
50 070.0 nd — 
ol 067.0 _ = 
52 063.5 _— = 
53 059.5 _ _ 
54 055.0 == =< 


*Use one size larger for tapping bakelite and hard 
rubber. 


the actual construction is greatly simplified. 

Cover the top of the chassis with a piece of 
wrapping paper or, preferably, cross-section 
paper, folding the edges down over the sides 
of the chassis and fastening with adhesive tape. 
Then assemble the parts to be mounted on top 
of the chassis and move them about until a 
satisfactory arrangement has been found, keep- 
ing in mind any parts which are to be mounted 
underneath, so that interferences in mounting 
may be avoided. Place capacitors and other 
parts with shafts extending through the panel 
first, and arrange them so that the controls will 


Metal Work 


form the desired pattern on the panel. Be sure 
to line up the shafts squarely with the chassis 
front. Locate any partition shields and panel 
brackets next, and then the tube sockets and 
any other parts, marking the mounting-hole 
centers of each accurately on the paper. Watch 
out for capacitors whose shafts are off center 
and do not line up with the mounting holes. 
Do not forget to mark the centers of socket 
holes and holes for leads under i.f. transformers, 
etc., as well as holes for wiring leads. The small 
holes for socket-mounting screws are best located 
and center-punched, using the socket itself as a 
template, after the main center hole has been cut. 

By means of the square, lines indicating ac- 
curately the centers of shafts should be ex- 
tended to the front of the chassis and marked 
on the panel at the chassis line, the panel 
being fastened on temporarily. The hole centers 
may then be punched in the chassis with the 
center punch. After drilling, the parts which re- 
quire mounting underneath may be located and 
the mounting holes drilled, making sure by trial 
that no interferences exist with parts mounted 
on top. Mounting holes along the front edge 


A B 
Fig. 20-2—To cut rectangular holes in a chassis corner, 
holes may be filed out as shown in the shaded portion of 
B, making it possible to start the hack-saw blade along 
the cutting line. A shows how a single-ended handle may 
be constructed for a hack-saw blade. 


of the chassis should be transferred to the 
panel, by once again fastening the panel to the 
chassis and marking it from the rear. 

Next, mount on the chassis the capacitors 
and any other parts with shafts extending to 
the panel, and measure accurately the height 
of the center of each shaft above the chassis, 
as illustrated in Fig. 20-1. The horizontal dis- 
placement of shafts having already been 
marked on the chassis line on the panel, the 
vertical displacement can be measured from 
this line. The shaft centers may now be marked 
on the back of the panel, and the holes drilled. 
Holes for any other panel equipment coming 
above the chassis line may then be marked and 
drilled, and the remainder of the apparatus 
mounted. Holes for terminals etc., in the rear 
edge of the chassis should be marked and drilled 
at the same time that they are done for the top. 


Drilling and Cutting Holes 


When drilling holes in metal with a hand 
drill it is important that the centers first be 
located with a center punch, so that the drill 
point will not ‘‘walk’’ away from the center 
when starting the hole. When the drill starts to 
break through, special care must be used. 
Often it is an advantage to shift a two-speed 
drill to low gear at this point. Holes more 
than 44 inch in diameter may be started with a 
smaller drill and reamed out with the larger drill. 

The chuck on the usual type of hand drill is 
limited to 14-inch drills. Although it is rather 
tedious, the 44-inch hole may be filed out to 
larger diameters with round files. Another 
method possible with limited tools is to drill a 
series of small holes with the hand drill along 
the inside of the diameter of the large hole, 
placing the holes as close together as possible. 
The center may then be knocked out with a 
cold chisel and the edges smoothed up with a 
file. Taper reamers which fit into the carpen- 
ter’s brace will make the job easier. A large rat- 
tail file clamped in the brace makes a very good 
reamer for holes up to the diameter of the file, 
if the file is revolved counterclockwise. 

For socket holes and other large round holes, 
an adjustable cutter designed for the purpose 
may be used in the brace. Occasional applica- 
tion of machine oil in the cutting groove will 
help. The cutter first should be tried out on a 
block of wood, to make sure that it is set for 
the correct diameter. The most convenient device 
for cutting socket holes is the socket-hole punch. 
The best type is that which works by turning a 
take-up screw with a wrench. 

The burrs or rough edges which usually 
result after drilling or cutting holes may be re- 
moved with a file, or sometimes more con- 
veniently with a sharp knife or chisel. It is a 
good idea to keep an old wood chisel sharpened 
and available for this purpose. 


Rectangular Holes 


Square or rectangular holes may be cut out 
by making a row of small holes as previously 
described, but is more easily done by drilling 
a 14-inch hole inside each corner, as illus- 
trated in Fig. 20-2, and using these holes for 
starting and turning the hack saw. The socket- 
hole punch and the square punches which are 
now available also may be of considerable as- 
sistance in cutting out large rectangular open- 
ings. 


@ CONSTRUCTION NOTES 


If a control shaft must be extended or in- 
sulated, a flexible shaft coupling with adequate 
insulation should be used. Satisfactory support 
for the shaft extension, as well as electrical con- 
tact for safety, can be provided by means of 
a metal panel bearing made for the purpose. 
These can be obtained singly for use with existing 
shafts, or they can be bought with a captive 
extension shaft included. In either case the 
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panel bearing gives a “‘solid’’ feel to the control. 

The use of fiber washers between ceramic 
insulation and metal brackets, screws or nuts 
will prevent the ceramic parts from breaking. 


STANDARD METAL GAUGES 


Gauge American U.S. Birmingham 
No. or B. & S.1 Standard? or Stubs? 
1 .2893 .28125 .300 
2 .2576 -265625 .284 
3 2294 29 .259 
4 .2043 .234375 .238 
s .1819 .21875 .220 
6 .1620 .203125 .203 
ef .1448 1875 .180 
8 1285 .171875 .165 
9 1144 .15625 .148 
10 .1019 .140625 134 
ll .09074 125 .120 
12 .08081 .109375 .109 
13 .07196 .09375 .095 
14 .06408 .078125 .083 
15 .05707 0703125 .072 
16 .05082 .0625 .065 
17 04526 -05625 .058 
18 .04030 .05 .049 
19 .03589 .04375 .042 
20 .03196 .0375 .035 
21 .02846 .034375 .032 
22 -02535 .03125 028 
23 .02257 .028125 .025 
24 .02010 .025 .022 
25 .01790 .021875 .020 
26 .01594 .01875 .018 
27 .01420 .0171875 .016 
28 .01264 -015625 .014 
29 .01126 0140625 .013 
30 .01003 .0125 .012 
SL .008928 .0109375 .010 
32 .007950 .01015625 .009 
33 .007080 .009375 .008 
34 .006350 .00859375 .007 
35 005615 .0078125 .005 
36 .005000 .00703125 .004 
a .004453 .006640626 
38 .003965 .00625 
39 EQO SSS eetess sarees 
40 O05 145 tr tom eer ahs 


1 Used for aluminum, copper, brass and nonfer- 
rous alloy sheets, wire and rods. 

2 Used for iron, steel, nickel and ferrous alloy 
sheets, wire and rods. 

3 Used for seamless tubes; also by some manu- 
facturers for copper and brass. 


Cutting and Bending Sheet Metal 


If a sheet of metal is too large to be cut con- 
veniently with a hack saw, it may be marked 
with scratches as deep as possible along the 
line of the cut on both sides of the sheet and 
then clamped in a vise and worked back and 
forth until the sheet breaks at the line. Do 
not carry the bending too far until the break 
begins to weaken; otherwise the edge of the 
sheet may become bent. A pair of iron bars 
or pieces of heavy angle stock, as long or longer 


than the width of the sheet, to hold it in the 


vise will make the Job easier. “‘C’’-clamps may 
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be used to keep the bars from spreading at the 
ends. The rough edges may be smoothed up 
with a file or by placing a large piece of emery 
cloth or sandpaper on a flat surface and run- 
ning the edge of the metal back and forth over 
the sheet. 

Bends may be made similarly. The sheet 
should be scratched on both sides, but not so 
deeply as to cause it to break. 


Finishing Aluminum 


Aluminum chassis, panels and parts may be 
given a sheen finish by treating them in a caustic 
bath. An enamelled container, such as a dishpan 
or infant’s bathtub, should be used for the solu- 
tion. Dissolve ordinary household lye in cold 
water in a proportion of 14 to 14 can of lye per 
gallon of water. The stronger solution will do the 
job more rapidly. Stir the solution with a stick of 
wood until the lye crystals are complete dissolved. 
Be very careful to avoid any skin contact with 
the solution. It is also harmful to clothing. Suffi- 
cient solution should be prepared to cover the 
piece completely. When the aluminum is im- 
mersed, a very pronounced bubbling takes place 
and ventilation should be provided to disperse 
the escaping gas. A half hour to two hours in the 
solution should be sufficient, depending upon the 
strength of the solution and the desired surface. 

Remove the aluminum from the solution with 
sticks and rinse thoroughly in cold water while 
swabbing with a rag to remove the black deposit. 
Then wipe off with a rag soaked in vinegar to 
remove any stubborn stains or fingerprints. 


Soldering 


The secret of good soldering is in allowing 
time for the joint, as well as the solder, to attain 
sufficient temperature. Enough heat should be 
applied so that the solder will melt when it 
comes in contact with the wires being joined, 
without touching the solder to the iron. Always 
use rosin-core solder, never acid-core. Except 
where absolutely necessary, solder should never be 
depended upon for the mechanical strength of the 
joint; the wire should be wrapped around the 
terminals or clamped with soldering terminals. 

When soldering crystal diodes or carbon re- 
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Soldering 
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(C) : 
Fig. 20-3—Cable-stripping dimensions for Jones Type 
P-101 plugs. Smaller dimensions are for 14-inch plugs, the 
larger dimensions for 2-inch plugs. As indicated in C, the 
remaining copper braid is wound with bare or tinned wire 
and then tinned, to make a snug fit in the sleeve of the 


plug. Hold a hot iron to the sleeve after the cable is 
inserted to solder the sleeve to the braid. 


sistors in place, especially if the leads have been 
cut short and the resistor is of the small 14-watt 
size, the resistor lead should be gripped with a 
pair of pliers up close to the resistor so that the 
heat will be conducted away from the resistor. 
Overheating of the resistor while soldering can 
cause a permanent resistance change of as much 
as 20 per cent. Also, mechanical stress will have 
a similar effect, so that a small resistor should 
be mounted so that there is no appreciable 
mechanical strain on the leads. 

Trouble is sometimes experienced in soldering 
to the pins of coil-forms or male cable plugs. It 
helps first to tin the inside of the pins by applying 
soldering paste to the hole, and then flowing 
* solder into the pin. Then immediately clear the 
solder from the hot pin by a whipping motion or 
by blowing through the pin from the inside of the 
form or plug. Before inserting the wire in the 
pin, file the nickel plate from the tip. After solder- 
ing, round the solder tip off with a file. 

When soldering to the pins of polystyrene coil 
forms, first clean the inside of each pin with a 
suitable twist drill. Then hold the pin to be sol- 


KAKA AEE 
POPPA OPO? 


NAAR AAA 


Solder Hole 


Fig. 20-4—Dimensions for stripping Y2-inch cable to fit 
Amphenol Type 83-1SP (PL-259) plug. 


Solder Hole 


Fig. 20-5— Method of assembling '4-inch cable, Amphenol 
Type 83-1SP (PL-259) plug and adapter. 


dered with a pair of heavy pliers, to form a “‘heat 
sink”? and insure that the pin does not heat 
enough in the coil form to loosen and become 
misaligned. 
Wiring 

The wire used in connecting up amateur equip- 
ment should be selected considering both the 
maximum current it will be called upon to handle 
and the voltage its insulation must stand without 
breakdown. Also, from the consideration of TVI, 
the power wiring of all transmitters should be 
done with wire that has a braided shielding cover. 
Receiver and audio circuits may also require the 
use of shielded wire at some points for stability, 
or the elimination of hum. 

No. 20 stranded wire is commonly used for 
most receiver wiring (except for the high- 
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Fig. 20-6—Stripping dimensions for Amphenol 82-830 
and 82-832 plug-in connectors. The longer exposed braid 
is for the first type. 
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(C) 


Fig. 20-7—Methods of lacing cables. The method shown 
at C is more secure, but takes more time than the method 
of B. The latter is usually adequate for most 
amateur requirements. 
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irequency circuits) where the current does not 
exceed 2 or 3 amperes. For higher-current heater 
circuits, No. 18 is available. Wire with cellulose 
acetate insulation is good for voltages up to about 
500. For higher voltages, thermoplastic-insulated 
wire should be used. Inexpensive wire strippers 
that make the removal of insulation from hook-up 
wire an easy job are available on the market. 

In cases where power leads have several 
branches in the chassis, it is convenient to use 
fiber-insulated tie points or “‘lug strips” as 
anchorages or junction points. Strips of this type 
are also useful as insulated supports for resistors, 
r.{. chokes and capacitors. High-voltage wiring 
should have exposed points held to a minimum, 
and those which cannot be avoided should be 
rendered as inaccessible as possible to accidental 
contact or short-circuit. | 

Where shielded wire is called for and capaci- 
tance to ground is not a factor, Belden type 8885 
shielded grid wire may be used. If capacitance 
must be minimized, it may be necessary to use a 
piece of car-radio low-capacitance lead-in wire, 
or coaxial cable. 

For wiring high-frequency circuits, rigid wire is 
often used. Bare soft-drawn tinned wire, sizes 22 
to 12 (depending on mechanical requirements), 
is suitable. Kinks can be removed by stretching a 
piece 10 or 15 feet long and then cutting into 
short lengths that can be handled conveniently. 
R.f. wiring should be run directly from point to 
point with a minimum of sharp bends and the 
wire kept well spaced from the chassis or other 
grounded metal surfaces. Where the wiring must 
pass through the chassis or a partition, a clear- 
ance hole should be cut and lined with a rubber 
grommet. In case insulation becomes necessary, 
varnished cambric tubing (spaghetti) can be 
slipped over the wire. 
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In transmitters where the peak voltage does 
not exceed 2500 volts, the shielded grid wire 
mentioned above should be satisfactory for power 
circuits. For higher voltages, Belden type 8656, 
Birnbach type 1820, or shielded ignition cable can 
be used. In the case of filament circuits carrying 
heavy current, it may be necessary to use No. 10 
or 12 bare or enameled wire, slipped: through 
spaghetti, and then covered with copper braid 
pulled tightly over the spaghetti. The chapter 
on TVI shows the manner in which shielded wire 
should be applied. If the shielding is simply slid 
back over the insulation and solder flowed into 
the end of the braid, the braid usually will stay 
in place without the necessity for cutting it back 
or binding it in place. The braid should be 
burnished with sandpaper or a knife so that solder 
will take with a minimum of heat. 

R.f. wiring in transmitters usually follows the 
method described above for receivers with due 
respect to the voltages involved. 

Where power or control leads run together for 
more than a few inches, they will present a better 
appearance when bound together in a single 
cable. The correct technique is illustrated in Fig. 
20-7; both plastic and waxed-linen lacing cords 
are available for the purpose. 

To give a “commercial look’’ to the wiring of 
any unit, run any cabled leads along the edge of 
the chassis. If this isn’t possible, the cabled leads 
should then run parallel to an edge of the chassis. 
Further, the generous use of bakelite tie points 
(mounted parallel to an edge of the chassis), for 
the support of one or both ends of a resistor or 
fixed capacitor, will add to the appearance of the 
finished unit. In a similar manner, ‘‘dress’’ the 
small components so that they are parallel to the 
panel or sides of the chassis. 


Winding Coils 


Close-wound coils are readily wound on the 
specified form by anchoring one end of a length 
of wire (in a vise or to a doorknob) and the 
other end to the coil form. Straightea any kinks 
in the wire and then pull to keep the wire under 
slight tension. Wind the coil to the required num- 
ber of turns while walking toward the anchor, 
always maintaining a slight tension on the wire. 

To space-wind the coil, wind the coil simul- 
taneously with a suitable spacing medium (heavy 
thread, string or wire) in the manner described 
above. When the winding is complete, secure the 
end of the coil to the coil-form terminal and then 
carefully unwind the spacing material. If the coil 
is wound under suitable tension, the spacing 
material can be easily removed without disturb- 
ing the winding. Finish the space-wound coil by 
judicious applications of Duco cement, to hold 
the turns in place. 


@ COMPONENT VALUES 


Values of composition resistors and small 
capacitors (mica and ceramic) are specified 
throughout this Handbook in terms of ‘‘pre- 
ferred values.’ In the preferred-uumber sys- 


Color Codes 


TABLE 20-II 


Standard Component Values 


10% 5% 
Tolerance 


20% 
Tolerance Tolerance 

10 10 

12 

15 

18 

22 

27 

33 

39 

47 

56 

68 

82 


100 


tem, all values represent (approximately) a 
constant-percentage increase over the next 
lower value.. The base of the system is the 
number 10. Only two significant figures are 
used. Table 20-II shows the preferred values 
based on tolerance steps of 20, 10 and 5 per 
cent. All other values are expressed by multi- 
plying or dividing the base figures given in the 
table by the appropriate power of 10. (For 
example, resistor values of 33,000 ohms, 6800 
ohms, and 150 ohms are obtained by multiply- 
ing the base figures by 1000, 100, and 10, 
respectively.) 

‘Tolerance’ means that a variation of plus 
or minus the percentage given is considered 
satisfactory. Forexample, the actual resistance 
of a ‘4700-ohm”’ 20-per-cent resistor can lie 
anywhere between 3700 and 5600 ohms, ap- 
proximately. The permissible variation in the 
same resistance value with 5-per-cent tolerance 
would be in the range from 4500 to 4900 ohms, 
approximately. 

Only those values shown in the first column 
of Table 20-II are available in 20-per-cent 
tolerance. Additional values, as shown in the 
second column, are available in 10-per-cent 
tolerance; still more values can be obtained in 
5-per-cent tolerance. 

In the component specifications in this 
Handbook, it is to be understood that when no 


tolerance is specified the largest tolerance ' 


available in that value will be satisfactory. 
Values that do not fit into the preferred- 
number system (such as 500, 25,000, etc.) 
easily can be substituted. It is obvious, for 
example, that a 5000-ohm resistor falls well 
within the tolerance range of the 4700-ohm 
20-per-cent resistor used in the example above. 


It would not, However, be usable if the toler- 
ance were specified as 5 per cent. 


@ coLorR CODES 


Standardized color codes are used to mark 
values on small components such as composi- 
tion resistors and mica capacitors, and to 
identify leads from transformers, etc. The 
resistor-capacitor number color code is given 
in Table 20-ITI. 


Fixed Capacifors 


The methods of marking ‘‘postage-stamp”’ 
mica capacitors, molded paper capacitors, 
and tubular ceramic capacitors are shown in 
Fig. 20-8. Capacitors made to American War 
Standards or Joint Army-Navy specifications 


a 


2 IPSEC 
significant figure 

- Second _ 
significant figure 


Mica capacitors- Black 
(AWS paper capacitors- 
¢ er ven) 


Characteristic Decimal multiplier 


Tolerance 
AWS and JAN fixed capacitors 


BOUGPIFSE ©. 
Significant figure Decimal 
Second multiplier 


signiticant figure 
EIA 3-dot 500-volt,+20% tolerance only 


Second 
oe FIFSE significant figure 
Signiticant figuré Third 
signiticant figure 


Voltage rating 


EIA 6-dot 


a-First significant figure 

B-Second significant figure 

C-Decimal multiplier 
y0-Capacitance tolerance 


SHANNA 
NSS NANA 
NS NANA 


Fixed ceramic capacitors 


lemperature coefficient 


Fig. 20-8—Color coding of fixed mica, molded paper 
and tubular ceramic capacitors. The color code for mica 
and molded paper capacitors is given in Table 20-Ill. 
Table 20-IV gives the color code for tubular 
ceramic capacitors. 
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are marked with the 6-dot code shown at the 
top. Practically all surplus capacitors are in 
this category. The 3-dot EIA code is used for 
capacitors having a rating of 500 volts and 
+20% tolerance only; other ratings and 
tolerances are covered by the 6-dot EIA code. 


Examples: A capacitor with a 6-dot code has 
the following markings: Top row, left to right, 
black, yellow, violet; bottom row, right to left, 
brown, silver, red. Since the first color in the top 
row is black (significant figure zero) this is the 
AWS code and the capacitor has mica dielectric. 
The significant figures are 4 and 7, the decimal 
multiplier 10 (brown, at right of second row), 
so the capacitance is 470 wuf. The tolerance is 
+ 10%. The final color, the characteristic, deals 
with temperature coefficients and methods of 
testing (see Table 20-V on page 505). 

A capacitor with a 3-dot code has the follow- 
ing colors, left to right: brown, black, red. The 
significant figures are 1, 0 (10) and the multiplier 
is 100. The capacitance is therefore 1000 yyf. 

A capacitor with a 6-dot code has the fol- 
lowing markings: Top row, left to right, brown, 
black, black; bottom row, right to left, black, 
gold, blue. Since the first color in the top row is 
neither black nor silver, this is the EIA code. 
The significant figures are 1, 0, 0 (100) and the 
decimal multiplier is 1 (black). The capacitance 
is therefore 100 uuf. The gold dot shows that 
the tolerance is + 5% and the blue dot indicates 
600-volt rating. 


Ceramic Capacitors 


Conventional markings for ceramic capaci- 
tors are shown in the lower drawing of Fig. 20-8. 
The colors have the meanings indicated in 
Table 20-IV. In practice, dots may be used 
instead of the narrow bands indicated in Fig. 
20-8. 

Example: A ceramic capacitor has the fol- 
lowing markings: Broad band, violet; narrow 
bands or dots, green, brown, black, green. The 
significant figures are 5, 1 (51) and the decimal 
multiplier is 1, so the capacitance is 51 uuf. 

The temperature coefficient is — 750 parts per 
million per degree C., as given by the broad 
band, and the capacitance tolerance is + 5%. 


Fixed Composition Resistors 


Composition resistors (including small wire- 
wound units molded in cases identical with the 
composition type) are color-coded as shown in 
Fig. 20-9. Colored bands are used on resistors 
having axial leads; on radial-lead resistors the 


TABLE 20-Ill 
Resistor-Capacitor Color Code 


Significant Decimal Tolerance Voltage 


Color Figure Multiplier (%) Rating* 
Black 0 1 - — 
Brown 1 10 1* 100 
Red 2 100 oe 200 
Orange 3 1000 3* 300 
Yellow 4 10,000 4* 400 
Green 5 100,000 5* 500 
Blue 6 1,000,000 6* 600 
Violet vi 10,000,000 7% 700 
Gray 8 100,000,000 8* 800 
White 9 1,000,000,000 g* 900 
Gold - 0.1 5 1000 
Silver ~ 0.01 10 2000 
No color = i 20 500 


* Applies to capacitors only. 
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Fixed composition resistors 


Fig. 20-9—Color coding of fixed composition resistors 
The color code is given in Table 20-Ill. The colored areas 
have the following significance: 


A—First significant figure of resistance in ohms. 

B—Second significant figure. 

C—Decimal multiplier. 

D—Resistance tolerance in per cent. If no color is shown 
the tolerance is +20%. 


colors are placed as shown in the drawing. 
When bands are used for color coding the body 
color has no significance. 

Examples: A resistor of the type shown in the 
lower drawing of Fig. 20-9 has the following 
color bands: A, red; B, red; C, orange; D, no 
color. The significant figures are 2, 2 (22) and the 
decimal multiplier is 1000. The value of resist- 
ance is therefore 22,000 ohms and the tolerance 
is =20%. 

A resistor of the type shown in the upper draw- 
ing has the following colors: body (A), blue; 
end (B), gray; dot, red; end (D), gold. The 
significant figures are 6, 8 (68) and the decimal 
multiplier is 100, so the resistance is 6800 ohms. 

The tolerance is +5%. 


I.F. Transformers 


Blue — plate lead. 

Red — “‘B’”’ + lead. 

Green — grid (or diode) lead. 
Black — grid (or diode) return. 


Nore: If the secondary of the i.f.t. is center- 
tapped, the second diode plate lead is green- 
and-black striped, and black is used for the 
center-tap lead. 


TABLE 20-IV 
Color Code for Ceramic Capacitors 


| Capacitance Tolerance | 

ae SORE ARBEIT SE i Temp. Coeff. 

Significant) Decimal | store than|Less than| p-p.m./deg 
Figure |Multiplier| 1 auf. | 10 upf. | 


(in %) | (in pf.) 


Yellow 
Green 
Blue 
Violet 
Gray 
White 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


Color Codes 


2925 

292A 
1455 
1455A 


PILOT-LAMP DATA 


Bead 
Color 


Base 
(Miniature) 


Brown Screw 
Brown 
White 
Green 
White 
Blue 

* Bayonet 
Blue 
Brown 
Pink 
Pink 
White 
White 
White 
White 
White 
White 
White 
White 


Brown 


Bayonet 


Screw 


Screw 


Bayonet 
Bayonet 


Screw 
Bayonet 
Screw 
Bayonet 
Screw 
Bayonet 
Screw 
Bayonet 
Screw 
Bayonet 
Screw 
Bayonet 
Screw G-5 18.0 


Brown Bayonet G-5 18.0 


140A and 47 are interchangeable. 

2 Have frosted bulb. 

849 and 49A are interchangeable. 

4 Replace with No. 48. 

6 Use in 2.5-volt sets where regular bulb burns out 
too frequently. 

* White in G.E. and Sylvania; green in National 
Union, Raytheon and Tung-Sol. 

** 0,35 in G.E. and Sylvania; 0.5in National Union, 
Raytheon and Tung-Sol. 


Color 
Sizth 
Dot 


Black 
Brown 
Red 
Orange 
Yellow 
Green 


TABLE 20-V 
Capacitor Characteristic Code 


Temperature 
Coefficient 
p.p.m./deg. C. 


Capacitance 
Drift 


+ 1000 

+ 500 

+ 200 

+ 100 

— 20 to + 100 
0 to + 70 


=5% + 1 unf. 

+= 3% + 1 wu. 

= 0.5% 

+ 0.38% 

+= 0.1% + 0.1 uuf. 
+ 0.05% + 0.1 puf. 


A.F. Transformers 


Blue — plate (finish) lead of primary. 

Red — “‘B”’+ lead (this applies whether the 
primary is plain or center-tapped). 

Brown — plate (start) lead on center-tapped 
primaries. (Blue may be used for this lead if 
polarity is not important.) 

Green — grid (finish) lead to secondary. 

Black — grid return (this applies whether the 
secondary is plain or center-tapped). 

Yellow — grid (start) lead on center-tapped 
secondaries. (Green may be used for this 
lead if polarity is not important.) 


Nore: These markings apply also to line-to- 
grid and tube-to-line transformers. 
Loudspeaker Voice Coils 
Green — finish. 
Black — start. 
Loudspeaker Field Coils 


Black and Red — start. 
Yellow and Red — finish. 
Slate and Red — tap (if any). 


Power Transformers 


IGMP TMATY) OAS ein ae ne ears Black 
If tapped: 
Common? .: ose coaclie aeet es Black 
DBD giles 5 Black and Yellow Striped 
PUNISH Voie sc ose Black and Red Striped 
2) High-Voltage Plate Winding......... Red 
Center-Tap...Red and Yellow Striped 
3) Rectifier Filament Winding....... Yellow 


Center-Tap. . Yellow and Blue Striped 
4) Filament Winding No. 1...... ....Green 
Center-Tap..Green and Yellow Striped 


5) Filament Winding No. 2.......... Brown 
Center-Tap. Brown and Yellow Striped 
6) Filament Winding No. 3........ . Slate 


Center-Tap. ..Slate and Yellow Striped 
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CHAPTER 21 


Measurements 


It is practically impossible to operate an 
amateur station without making measurements 
at one time or another. Although quite crude 
measurements often will suffice, more refined 
equipment and methods will yield more and 
better information. With adequate information 
at hand it becomes possible to adjust a piece of 
equipment for optimum performance quickly 
and surely, and to design circuits along estab- 
lished principles rather than depending on cut- 
and-try. 

Measuring and test equipment is valuable 
during construction, for testing components 
before installation. It is practically indispensable 
in the initial adjustment of radio gear, not only 
for establishing operating values but also for 
tracing possible errors in wiring. It is likewise 
needed for locating breakdowns and defective 
components in existing equipment. 

The basic measurements are those of current, 
voltage, and frequency. Determination of the 
values of circuit elements — resistance, induct- 
ance and capacitance — are almost equally im- 


portant. The inspection of waveform in audio- 
frequency circuits is highly useful. For these pur- 
poses there is available a wide assortment of in- 
struments, both complete and in kit form; the 
latter, particularly, compare very favorably in 
cost with strictly home-built instruments and are 
frequently more satisfactory both in appearance 
and calibration. The home-built instruments 
described in this chapter are ones having features 
of particular usefulness in amateur applications, 
and not ordinarily available commercially. 

In using any instrument it should always be 
kept in mind that the accuracy depends not only 
on the inherent accuracy of the instrument itself 
(which, in the case of commercially built units is 
usually within a few per cent, and in any event 
should be specified by the manufacturer) but 
also the conditions under which the measure- 
ment is made. Large errors can be introduced by 
failing to recognize the existence of conditions 
that affect the instrument readings. This is par- 
ticularly true in certain types of r.f. measure- 
ments, where stray effects are hard to eliminate. 


Voltage, Current, and Resistance 


@ D.c. MEASUREMENTS 

A direct-current instrument — voltmeter, am- 
meter, milliammeter or microammeter—is a 
device using electromagnetic means to deflect a 
pointer over a calibrated scale in proportion to 
the current flowing. In the D’Arsonval type a 
coil of wire, to which the pointer is attached, is 
pivoted between the poles of a permanent mag- 
net, and when current flows through the coil it 
causes a magnetic field that interacts with that 
of the magnet to cause the coil to turn. The 
design of the instrument is usually such as to 
make the pointer deflection directly proportional 
to the current. 

A less expensive type of instrument is the 
moving-vane type, in which a pivoted soft-iron 
vane is pulled into a coil of wire by the magnetic 
field set up when current flows through the coil. 
The farther the vane extends into the coil the 
greater the magnetic pull on it, for a given 
change in current, so this type of instrument does 
not have “‘linear’’ deflection — that is, the scale 
is cramped at the low-current end and spread out 
at the high-current end. 

The same basic instrument is used for measur- 
ing either current or voltage. Good-quality in- 
struments are made with fairly high sensitivity — 


that is, they give full-scale pointer deflection 
with very small currents — when intended to be 
used as voltmeters. The sensitivity of instru- 
ments intended for measuring large currents can 
be lower, but a highly sensitive instrument can 
be, and frequently is, used for measurement of 
currents much greater than needed for full-scale 
deflection. 

Panel-mounting instruments of the D’Arsonval 
type will give a smaller deflection when mounted 
on iron or steel panels than when mounted on 
nonmagnetic material. Readings may be as 
much as ten per cent low. Specially calibrated 
meters should be obtained for mounting on such 
panels. 


@ VOLTMETERS 


Only a fraction of a volt is required for full- 
scale deflection of a sensitive instrument (1 mil- 
liampere or less full scale) so for measuring volt- 
age a high resistance is connected in series with 
it, Fig. 21-1. Knowing the current and the resist- 
ance, the voltage can easily be calculated from 
Ohm’s Law. The meter is calibrated in terms of 
the voltage drop across the series resistor or 
multiplier. Practically any desired full-scale 
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MULTIPLIER 


SHUNT 


Fig. 21-1—How voltmeter multipliers and milliammeter 
shunts are connected to extend the range of a d.c. meter. 


voltage range can be obtained by proper choice of 
multiplier resistance, and voltmeters frequently 
have several ranges selected by a switch. 

The sensitivity of the voltmeter is usually ex- 
pressed in ‘ohms per volt.’’ A sensitivity of 1000 
ohms per volt means that the resistance of the 
voltmeter is 1000 times the full-scale voltage, 
and by Ohm’s Law the current required for full- 
scale deflection is 1 milliampere. A sensitivity of 
20,000 ohms per volt, another commonly used 
value, means that the instrument is a 50-micro- 
ampere meter. The higher the resistance of the 
voltmeter the more accurate the measurements 


1000 #/v METER READS APP 8IV 
20K “7 
11 MEG METER READS APP 99V 


METER READS APP 98V 


Fig. 21-2—Effect of voltmeter resistance on accuracy of 
readings. It is assumed that the d.c. resistance of the 
screen circuit is constant at 100 kilohms. The actual 
current and voltage without the voltmeter connected 
are 1 ma. and 100 volts. The voltmeter readings will 
differ because the different types of meters draw differ- 
ent amounts of current through the 150-kilohm resistor. 


in high-resistance circuits. This is because the 
current flowing through the voltmeter will cause 
a change in the voltage between the points across 
which the meter is connected, compared with 
the voltage with the meter absent, as shown in 
Fig. 21-2. 


Multipliers 


The required multiplier resistance is found by 
dividing the desired full-scale voltage by the cur- 
rent, in amperes, required for full-scale deflection 
of the meter alone. Strictly, the internal resist- 
ance of the meter should be subtracted from the 
value so found, but this is seldom necessary (ex- 
cept perhaps for very low ranges) because the 
meter resistance will be negligibly small compared 
with the multiplier resistance. An exception is 
when the instrument is already provided with an 
internal multiplier, in which case the multiplier 
resistance required to extend the range is 


R = Rna(n — 1) 
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where F is the multiplier resistance, Rm is the 
total resistance of the instrument itself, and 7 is 
the factor by which the scale is to be multiplied. 
For example, if a 1000-ohms-per-volt voltmeter 
having a calibrated range of 0-10 volts is to be 
extended to 1000 volts, Rm is 1000 X 10 = 
10,000 ohms, n is 1000/10 = 100, and R 
10,000(100--1) = 990,000 ohms. 

If a milliammeter is to be used as a volt- 
meter, the value of series resistance can be 
found by Ohm’s Law: 


R= 1000F 
I 
where E£ is the desired full-scale voltage and I 
the full-scale reading of the instrument in 
milliamperes. 


| 


Accuracy 


The accuracy of a voltmeter depends on the 
calibration accuracy of the instrument itself and 
the accuracy of the multiplier resistors. Good- 
quality instruments are generally rated for an 
accuracy within plus or minus 2 per cent. This is 
also the usual accuracy rating of the basic meter 
movement. 

When extending the range of a voltmeter or 
converting a low-range milliammeter into a volt- 
meter the rated accuracy of the instrument is 
retained only when the multiplier resistance is 
precise. Precision wire-wound resistors are used 
in the multipliers of high-quality instruments. 
These are relatively expensive, but the home 
constructor can do quite well with 1% tolerance 
composition resistors. They should be “‘derated”’ 
when used for this purpose — that is, the actual 
power dissipated in the resistor should not be 
more than 14 to % the rated dissipation — and 
care should be used to avoid overheating the 
body of the resistor when soldering to the leads. 
These precautions will help prevent permanent 
change in the resistance of the unit. 

Ordinary composition resistors are generally 
furnished in 10% or 5% tolerance ratings. If 
possible errors of this order can be accepted, 
resistors of this type may be used as multipliers. 
They should be operated below the rated power 
dissipation figure, in the interests of long-time 
stability. 


@ MILLIAMMETERS AND AMMETERS 


A microammeter or milliammeter can be used 
to measure currents larger than its full-scale 
reading by connecting a resistance shunt across 
its terminals as shown in Fig. 21-1. Part of the 
current flows through the shunt and part through 
the meter. Knowing the meter resistance and 
the shunt resistance, the relative currents can 
easily be calculated. 

The value of shunt resistance required for a 
given full-scale current range is given by 


Ru 
ni 1 
where F is the shunt, Ry» is the internal resistance 
of the meter, and n is the factor by which the 


C= 


Milliammeters and Ammeters 


original meter scale is to be multiplied. The in- 
ternal resistance of a milliammeter is preferably 
determined from the manufacturer’s catalog, but 
if this information is not available it can be 
measured by the method shown in Fig. 21-3. 
Do not attempt to use an ohmmeter to measure 
the internal resistance of a milliammeter; the 
instrument may be ruined by doing so. 
Homemade milliammeter shunts can be con- 
structed from any of the various special kinds 
of resistance wire, or from ordinary copper 
wire if no resistance wire is available. The Copper 
Wire Table in this Handbook gives the resist- 
ance per 1000 feet for various sizes of copper 
wire. After computing the resistance required, 
determine the smallest wire size that will carry 
the full-scale current (250 circular mils per am- 
pere is a satisfactory figure for this purpose). 


Fig. 21-3—Determining the internal resistance of a 
milliammeter or microammeter. Ri is an adjustable resis- 
tor having a maximum value about twice that necessary 
for limiting the current to full scale with Re disconnected; 
adjust it for exactly full-scale reading. Then connect Re 
and adjust it for exactly half-scale reading. The resist- 
ance of Ro is then equal to the internal resistance of the 
meter, and the resistor may be removed from the circuit 
and measured separately. Internal resistances vary 
from a few ohms to several hundred ohms, depending 
on the sensitivity of the instrument. 


Measure off enough wire to provide the required 
resistance. Accuracy can be checked by causing 
enough current to flow through the meter to 
make it read full scale without the shunt; con- 
necting the shunt should then give the correct 
reading on the new range. 


Current Measurement 
with a Voltmeter 


A current-measuring instrument should have 
very low resistance compared with the resistance 
of the circuit being measured; otherwise, insert- 
ing the instrument will cause the current to 
differ from its value with the instrument out of 
the circuit. (This may not matter if the instru- 
ment is left permanently in the circuit.) How- 
ever, the resistance of many circuits in radio 
equipment is quite high and the circuit operation 
is affected little, if at all, by adding as much as a 
few hundred ohms in series. In such cases the 
voltmeter method of measuring current, shown in 
Fig. 21-4, isfrequently convenient. A voltmeter 
—or low-range milliammeter provided with a 
multiplier and operating as a voltmeter — having 
a full-scale voltage range of a few volts, is used to 
measure the voltage drop across a compara- 


MULTIPLIER 


Fig. 21-4—Voltmeter method of measuring current. This 

method permits using relatively large values of resistance 

in the shunt, standard values of fixed resistors frequently 

being usable. If the multiplier resistance is 20 (or more) 

times the shunt resistance, the error in assuming that all 

the current flows through the shunt will not be of conse- 
quence in most practical applications. 


tively high resistance acting as a shunt. The 
formula previously given is used for finding the 
proper value of shunt resistance for a given 
scale-multiplying factor, Rm in this case being 
the multiplier resistance. 


D.C. Power 


Power in direct-current circuits is determined 
by measuring the current and voltage. When 
these are known, the power is equal to the voltage 
in volts multiplied by the current in amperes. If 
the current is measured with a milliammeter, the 
reading of the instrument must be divided by 
1000 to convert it to amperes. ° 


@ RESISTANCE MEASUREMENTS 


Measurement of d.c. resistance is based on 
measuring the current through the resistance 
when a known voltage is applied, then using 
Ohm’s Law. A simple circuit is shown in Fig. 21-5. 


0G 
VOLTAGE 


Fig. 21-5—Measuring resistance with a voltmeter and 
milliammeter. If the approximate resistance is known the 
voltage can be selected to cause the milliammeter, MA, 
to read about half scale. If not, additional resistance 
should be first connected in series with R to limit the 
current to a safe value for the milliammeter. The set-up 
then measures the total resistance, and the value of R 
can be found by subtracting the known additional re- 
sistance from the total. 


The internal resistance of the ammeter or milliam- 
meter, M/A, should be low compared with the re- 
sistance, #, being measured, since the voltage 
read by the voltmeter, V, is the voltage across 
MA and R in series. The instruments and the d.c. 
voltage should be chosen so that the readings are 
in the upper half of the scale, if possible, since the 
percentage error is less in this region. 

An ohmmeter is an instrument consisting 
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fundamentally of a voltmeter (or milliammeter, 
depending on the circuit used) and a small dry 
battery as a source of d.c. voltage, calibrated so 
the value of an unknown resistance éan be read 
directly from the scale. Typical ohmmeter cir- 
cuits are shown in Fig. 21-6. In the simplest type, 
shown in Fig. 21-6A, the meter and battery are 
connected in series with the unknown resistance. 
If a given deflection is obtained with terminals 
A-B shorted, inserting the resistance to be meas- 
ured will cause the meter reading to decrease. 
When the resistance of the voltmeter is known, 
the following formula can be applied: 


eRm 
is -——— Ra 
E 


where ? is the resistance under measurement, 
e is the voltage applied (A-B shorted), 


Eis the voltmeter reading with R con- 
nected, and 
Rm is the resistance of the voltmeter. 


The circuit of Fig. 21-6A is not suited to 
measuring low values of resistance (below a 
hundred ohms or so) with a_high-resistance 
voltmeter. For such measurements the circuit 
of Fig. 21-6B can be used. The milliammeter 
should be a 0-1 ma. instrument, and /2; should 
be equal to the battery voltage, e, multiplied 
by 1000. The unknown resistance is 


IoRm 
eae ae 
I; a Io 


where # is the unknown, 


Rm is the internal resistance of the mil- 
liammeter, 


I, is the current in ma. with R discon- 
nected from terminals A-B, and 


Io is the current in ma. with PR connected. 


The formula is approximate, but the error will 
be negligible if e is at least 3 volts so that R, is 
at least 3000 ohms. 

A third circuit for measuring resistance is 
shown in Fig. 21-6C. In this case a high-resist- 
ance voltmeter is used to measure the voltage 
drop across a reference resistor, Ra, when the 
unknown resistor is connected so that current 
flows through it, Ra and the battery in series. By 
suitable choice of Ry (low values for low resist- 
ance, high values for high-resistance unknowns) 
this circuit will give equally good results on all 
resistance values in the range from one ohm to 
several megohms, provided that the voltmeter 
resistance, Rm, 1s always very high (50 times or 
more) compared with the resistance of Ry. A 
20,000-ohms-per-volt instrument (50-vamp. move- 
ment) is generally used. Assuming that the 
current through the voltmeter is negligible com- 
pared with the current through Re, the formula 
for the unknown is 
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ou (UNKNOWN) 


(8) (UNKNOWN) 


(C) 


Fig. 21-6—Ohmmeter circuits. Values are discussed in 
the text. 


where & and F, are as shown in Fig. 21-6C, 


e is the voltmeter reading with A-B 
shorted, and 

Eis the voltmeter reading with R con- 
nected. 


The ‘‘zero adjuster,’ 1, is used to set the 
voltmeter reading exactly to full scale when the 
meter is calibrated in ohms. A _ 10,000-ohm 
variable resistor is suitable with a 20,000- 
ohms-per-volt meter. The battery voltage is 
usually 3 volts for ranges up to 100,000 ohms 
or so and 6 volts for higher ranges. 


A. C. Measurements 


Several types of instruments are available for 
measurement of low-frequency alternating cur- 
rents and voltages. The better-grade panel instru- 
ments for power-line frequencies are of the 
dynamometer type. This compares with the 
D’Arsonval movement used for d.c. measure- 
ments, but instead of a permanent magnet the 
dynamometer movement has a field coil which, 
together with the moving coil, is connected to 
the a.c. source. Thus the moving coil is urged to 
turn in the same direction on both halves of the 
a.c. cycle. 

Moving-vane type instruments, described ear- 
lier, also are used for a.c. measurements. This is 
possible because the pull exerted on the vane is 
in the same direction regardless of the direction 
of current through the coil. The calibration of a 
moving-vane instrument on a.c. will, in general, 
differ from its d.c. calibration. 

For measurements in the audio-frequency 
range, and in applications where high impedance 
is required, the rectifier-type a.c. instrument is 


Resistance Measurements 


generally used. This is essentially a sensitive 
d.c. meter, of the type previously described, pro- 
vided with a rectifier for converting the a.c. to 
‘d.c. A typical rectifier-type voltmeter circuit is 
shown in Fig. 21-7. The half-wave meter rectifier, 
CR, is frequently of the copper-oxide type, but 
crystal diodes can be used. Such a rectifier is not 
“nerfect’’ — that is, the application of a voltage 
of reversed polarity will result in a small current 
flow — and:'so CR is used for eliminating the 
effect of reverse current in the meter circuit. It 
does this by providing a low-resistance path 
across CR, and the meter during the a.c. alter- 
nations when C2, is not conducting. 


MULTIPLIER 
CR, 


> 
CR (0c) 
me 3% S 


Fig. 21-7—Rectifier-type a.c. voltmeter circuit, with 
“linearizing” resistor and diode for back-current cor- 
rection. 

Resistor Ry shunted across M, is used for im- 
proving the linearity of the circuit. The effective 
resistance of the rectifier decreases with increas- 
ing current, leading to a calibration scale with 
nonuniform divisions. This is overcome to a 
considerable extent by ‘“‘bleeding”’ several times 
as much current through FR» as flows through 1,4 
so the rectifier is always carrying a fairly large 
current. 

Because of these expedients and the fact that 
with half-wave rectification the average current 
is only 0.45 times the r.m.s. value of a sine wave 
producing it, the impedance of a rectifier-type 
voltmeter is rather low compared with the re- 
sistance of a d.c. voltmeter using the same meter. 
Values of 1000 ohms per volt are representative, 
when the d.c. instrument is a 0-200 micro- 
ammeter. 

The d.c. instrument responds to the average 
value of the rectified alternating current. This 
average current will vary with the shape of the 
a.c. wave applied to the rectifier, and so the 
meter reading will not be the same for different 
wave forms having the same maximum values or 
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Ci, Cs—0.002- to 0.005-yf. mica. 

Co—0.01 pf., 1000 to 2000 volts, 
paper or mica. 

Ri—1 megohm, 2 watt. 

Reto Rs, inc.—To give desired voltage 
ranges, totaling 10 megohms. 

Re, Rr —2 to 3 megohms. 

Rs—10,000-ohm variable. 

Ry, Rio— 2000 to 3000 ohms. 

Rii—5000- to 10,000-ohm control. 

Riz—10,000 to 50,000 ohms. 

Ris, Ris—App. 25,000 ohms. A 
50,000-ohm slider-type 
wire-wound can be used. 

Ris—10 megohms. 

Ris—3 megohms. 

Ri7—10-megohm variable. 

M—0O-200 pamp. to 0-1 ma. range. 

Vi—Dual triode, 6SN7 or 12AU7. 

V2—Dual diode, 6H6 or 6AL5. 


the same r.m.s. values. Hence a ‘“‘wave-form 
error” is always present unless the a.c. wave is 
very closely sinusoidal. The actual calibration 
of the instrument usually is in terms of the r.m.s. 
value of a sine wave. 

Modern rectifier-type a.c. voltmeters are capa- 
ble of good accuracy, within the wave-form 
limitations mentioned above, throughout the 
audio-frequency range. 


cad COMBINATION INSTRUMENTS — 
THE V.O.M. 


Since the same basic instrument is used for 
measuring current, voltage and resistance, the 
three functions can readily be combined in one 
unit using a single meter. Various models of the 
“v.o.m.”’ (volt-ohm-milliammeter) are available 
commercially, both completely assembled and 
in kit form. The less expensive ones use a 0-1 
milliammeter as the basic instrument, providing 
voltmeter ranges at 1000 ohms per volt. The 
more elaborate meters of this type use a micro- 
ammeter — 0-50 microamperes, frequently — 
with voltmeter resistances of 20,000 ohms per 
volt. With the more sensitive instruments it is 
possible to make resistance measurements in the 
megohms range. A.c. voltmeter scales also are 
frequently included. : 

The v.o.m., even a very simple one, is among 
the most useful instruments for the amateur. 
Besides current and voltage measurements, it 
can be used for checking continuity in circuits, 
for finding defective components before installa- 
tion — shorted capacitors, open or otherwise de- 
fective resistors, etc. — shorts or opens in wiring, 
and many other checks that, if applied during the 
construction of a piece of equipment, save much 
time and trouble. It is equally useful for serv- 
icing, when a component fails during operation. 


@ THE VACUUM-TUBE VOLTMETER 


The usefulness of the vacuum-tube voltmeter 
(v.t.v.m.) is based on the fact that a vacuum tube 
can amplify without taking power from the source 
of voltage applied to its grid. It is therefore pos- 
sible to have a voltmeter of extremely high resist- 


Fig. 21-8—Vacuum-tube voltmeter circuit. 
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ance, and thus take negligible current from the 
circuit under measurement, without using a d.c. 
instrument of exceptional sensitivity. 

The v.t.v.m. has the disadvantage that it re- 
quires a source of power for its operation, as com- 
pared with a regular d.c. instrument. Also, it is 
susceptible to r.f. pick-up when working around 
an operating transmitter, unless well shielded 
and filtered. The fact that one of its terminals is 
grounded is also disadvantageous in some Cases, 
since a.c. readings in particular may be inaccu- 
rate if an attempt is made to measure a circuit 
having both sides ‘‘hot” with respect to ground. 
Nevertheless, the high resistance of the v.t.v.m. 
more than compensates for these disadvantages, 
especially since in the majority of measurements 
they do not apply. 

While there are several possible circuits, the 
one commonly used is shown in Fig. 21-8. A dual 
triode, Vi, is arranged so that, with no voltage 
applied to the left-hand grid, equal currents flow 
through both sections. Under this condition the 
two cathodes are at the same potential and no 
current flows through M. The currents can be ad- 
justed to balance by potentiometer Ry, which 
takes care of variations in the tube sections and 
in the values of cathode resistors Rg and Ryo. 
When a positive d.c. voltage is applied to the 
left-hand grid the current through that tube 
section increases, so the current balance is upset 
and the meter indicates. The sensitivity of the 
meter is regulated by Rs, which serves to adjust 
the calibration. 12, common to the cathodes of 
both tube sections, is a feed back resistor that 
stabilizes the system and makes the readings 
linear. Rg and C; form a filter for any a.c. com- 
ponent that may be present, and Rg is balanced 
by R7 connected to the grid of the second tube 
section. 

To stay well within the linear range of opera- 
tion the scale is limited to 3 volts or less in the 
average commercial instrument. Higher ranges are 
obtained by means of the voltage divider formed 
by R; to R;, inclusive. As many ranges as desired 
can be used. Common practice is to use 1 meg- 
ohm at Ry, and to make the sum of Re to Rs, 
inclusive, 10 megohms, thus giving a total resist- 
ance of 11 megohms, constant for all voltage 
ranges. F, should be at the probe end of the d.e. 
lead to minimize capacitive loading effects when 
measuring d.c. voltages in r.f. circuits. 

Values to be used in the circuit depend consid- 
erably on the supply voltage and the sensitivity 
of the meter, M. Rye, and Ry3-Ry4, should be 
adjusted by trial so that the voltmeter circuit 
can be brought to balance, and to give full-scale 
deflection on M with about 3 volts applied to 
the left-hand grid: The meter connections can 
be reversed to read voltages that are negative 
with respect to ground. 


A.C. Voltage 


For measuring a.c. voltages up to 4 Mc., the 
rectifier circuit in the lower left of Fig. 21-8 is 
used. One diode of V2 is a half-wave rectifier and 


912 


21- MEASUREMENTS 


the other acts as a balancing device, adjustable 
by 7, against contact potential effects that 
would cause a residual d.c. voltage to appear at. 
the v.t.v.m. grid. 

The rectifier output voltage is proportional to 
the peak amplitude of the a.c. wave, rather than 
to the average or r.m.s. values. Since the positive 
and negative peaks of a complex wave may not 
have equal amplitudes, a different reading may 
be obtained on such wave forms when the volt- 
meter probe terminals are reversed. This ‘‘turn- 
over”’ effect is inherent in any peak-indicating 
device, but is not necessarily a disadvantage. 
The fact that the readings are not the same 
when the voltmeter connections are reversed is 
an indication that the wave form under measure- 
ment is unsymmetrical. In some measurements, 
as in audio amplifiers, a peak measurement is 
more useful than an r.m.s. or average-value 
measurement because amplifier capabilities are 
based on the peak amplitudes. 

The scale calibration usually is based on the 
r.m.s. value of a sine wave, Rs being set so that 
the same scale can be used either for a.c. or d.c. 
The r.m.s. reading can easily be converted to a 
peak reading by multiplying by 1.41. 


@ INSTRUMENT CALIBRATION 


When extending the range of a d.c. instrument, 
calibration usually is necessary —although resis- 
tors for voltmeter multipliers often can be pur- 
chased to close-enough tolerances so that the new 
range will be accurately known. However, in cali- 
brating an instrument such as a v.t.v.m. a known 
voltage must be available to provide a starting 
point. Fresh dry cells have an open-circuit ter- 
minal voltage of approximately 1.6 volts, and 
one or more of them may be connected in series 
to provide several calibration points on the low 
range. Gas regulator tubes in a power supply, 
such as the 0C3, 0D38, etc., also provide a stable 
source of voltage whose value is known within a 
few per cent. Once a few such points are deter- 
mined the voltmeter ranges may be extended 
readily by adding multipliers or a voltage divider 
as appropriate. 

Shunts for a milliammeter may be adjusted by 
first using the meter alone in series with a source 
of voltage and a resistor selected to limit the cur- 
rent to full scale. For example, a 0-1 milliam- 
meter may be connected in series with a dry cell 
and a 2000-ohm variable resistor, the latter being 
adjusted to allow exactly 1 milliampere to flow. 
Then the shunt is added across the meter and its 
resistance adjusted to reduce the meter reading 
by exactly the scale factor, n. If n is 5, the shunt 
would be adjusted to make the meter read 0.2 
milliampere, so the full-scale current will be 5 
ma. Using the new scale, the second shunt is 
added to give the next range, the same procedure 
being followed. This can be carried on for several 
ranges, but it is advisable to check the meter on 
the highest range against a separate meter used as 
a standard, since the errors in this process tend 
to be cumulative. 


Measurement of Frequency 


Measurement of Frequency 


@ ABSORPTION FREQUENCY METERS 


The simplest possible frequency-measuring 
device is a resonant circuit, tunable over the 
desired frequency range and having its tuning 
dial calibrated in terms of frequency. It operates 
by extracting a small amount of energy from the 
oscillating circuit to be measured, the frequency 
being determined by the tuning setting at which 
the energy absorption is maximum (Fig. 21-9). 

Such an instrument is not capable of very high 


Fig. 21-9—Absorption frequency meter and a typical 
application. The meter consists simply of a calibrated 
resonant circuit LC. When coupled to an amplifier or 
oscillator the tube plate current will rise when the fre- 
quency mefer is tuned to resonance. A flashlight lamp 
may be connected in series at X to give a visual indica- 
tion, but it decreases the selectivity of the instrument 
and makes if necessary to use rather close coupling to the 
circuit being measured. 


accuracy, because the Q of the tuned circuit 
cannot be high enough to avoid uncertainty as 
to the exact dial setting and because any two 
coupled circuits interact to some extent and 
change each others’ tuning. Nevertheless, the 
absorption frequency meter or “wavemeter”’ is 
a highly useful instrument. It is compact, inex- 
pensive, and requires no power supply. There is 
no ambiguity in its indications, as is frequently 
the case with the heterodyne-type instruments 
described later. 

When an absorption meter is used for check- 
ing a transmitter, the plate current of the tube 
connected to the circuit being checked can 
provide the necessary resonance indication. 
When the frequency meter is loosely coupled to 
the tank circuit the plate current will give a 
slight upward flicker as the meter is tuned through 
resonance. The accuracy is greatest when the 
loosest possible coupling is used. 

A receiver oscillator may be checked by tun- 
ing in a steady signal and heterodyning it to 
give a beat note as in ordinary c.w. reception. 
When the frequency meter is coupled to the 
oscillator coil and tuned through resonance the 
beat’ note will change. Again, the coupling 
should be made loose enough so that a just- 
perceptible change in beat note is observed. 

An approximate calibration for the meter, 
adequate for most purposes, may be obtained 
by comparison with a calibrated receiver. The 
usual receiver dial calibration is sufficiently 


accurate. A simple oscillator circuit covering the 
same range as the frequency meter will be useful 
in calibration. Set the receiver to a given fre- 
quency, tune the oscillator to zero beat at the 
same frequency, and adjust the frequency meter 
to resonance with the oscillator as described 
above. This gives one calibration point. When 
a sufficient number of such points has been ob- 
tained a graph may be drawn to show frequency 
vs. dial settings on the frequency meter. 


& INDICATING FREQUENCY METERS 


The plain absorption meter requires fairly 
close coupling to the oscillating circuit in order 
to affect the plate current of a tube sufficiently to 
give a visual indication. However, by adding a 
rectifier and d.c. microammeter or milliammeter, 
the sensitivity of the instrument can be increased 
to the point where very loose coupling will suf- 
fice for a good reading. A typical circuit for this 
purpose is given in Fig. 21-10, and Figs. 21-11 and 
21-12 show how such an instrument can be con- 
structed. 

The rectifier, a crystal diode, is coupled to the 
tuned circuit £,C; through a coupling coil, Le, 
having a relatively small number of turns. The 
step-down transformer action from Ly to Le pro- 
vides for efficient energy transfer from the high- 
impedance tuned circuit to the low-impedance 
rectifier circuit. The number of turns on Le can 
be adjusted for maximum reading on the d.c. 


Fig. 21-10—Circuit diagram of indicating frequency meter. 
Ci— 50-pf. variable (Johnson 50R1 2). 

Co—0.002-uf. disk ceramic. 

CRi—General purpose germanium diode (1N34, etc.) 
Ji—Phono jack. 

J2—Closed-circuit phone jack. 

Mi—D.c. microammeter or 0-1 milliammeter. 


Coil Data Coil 

Freq. Range Turns, Li Turns, Le Length, In. 

3-6 Mc. 60 5 close-wound 

6-12 Mc. 29 5 1% 
12-25 Mc. 13 2 1 
23-50 Me. 5% 1 Ya 
50-100 Mc. 1% Yr / 
90-225 Mc. See below 


All except 90-225-Mc. coil wound with No. 24 enam. 
wire on 1-inch diameter 4-prong forms (Millen 45004). 
L2 interwound at bottom of Li, using smaller wire where 
necessary. The 90—225-Mc. coil consists of a hairpin 
loop of No. 14 tinned wire just clearing the bottom of 
the coil form, which is cut to %-inch length. L2 is a similar 
hairpin of No. 16 wire bent over so it almost touches L1. 
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milliammeter; when doing this, use a fixed value 
of coupling between LZ; and the source of energy. 
The proper number of turns for this purpose will 
depend on the sensitivity of 47;. The coil dimen- 
sions given in Fig. 21-10 are for a 0-500 microam- 
meter but will also be satisfactory for a 0-1 
milliammeter. Less than optimum coupling is 
preferable, in most cases, since heavy loading 
lowers the Q of the tuned circuit 1,C; and makes 
it less selective. The coupling is reduced by 
reducing the number of turns on Lz. 

The meter can be used with a pick-up loop 
and coaxial line connected to Jj. Energy picked 
up by the loop is fed through the cable to Lg 
and thence coupled to £;C;. This is a convenient 
method of coupling to circuits where it would 
be physically difficult to secure inductive cou- 
pling to Zy,. The pick-up cable should not be 
self-resonant, as a transmission-line section, at 
any frequency withi= the range in which it is to 
be used, so two cable lengths are provided. The 
longer one is useful up to 30 Me. and the shorter 
at all frequencies up to the maximum useful 
frequency of the instrument (225 Mc.). 

By plugging a headset into the output jack 
(phones having 2000 ohms or greater resistance 
should be used for greatest sensitivity) the fre- 
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Fig. 21-11—The indicating frequency 
meter, plug-in coils, and pick-up cables. 
The meter is built in a bakelite meter 
case measuring 6% X 3% X 2 inches. 
The 3-inch dial is cut from a piece of 
aluminum and has a paper hand- 
calibrated scale cemented on. Hairline 
indicators are clear plastic mounted on 
small metal pillars. A 2-inch d.c. instru- 
ment is used. Pick-up loops are one 
turn of No. 14, spaghetti covered, 
soldered to the ends of the cables. 
The longer cable (5 feet) is useful to 30 
Mc.; the shorter (13 inches) can be used 
for the full frequency range. 
Both are RG-58/U. 


quency meter can be used as a monitor for modu- 
lated transmissions. 

The bakelite case is a desirable feature since 
the instrument can be brought close to circuits 
being checked without the danger of  short- 
circuiting any of their wiring. This could occur 
with a metal-cased unit. 

In addition to the uses mentioned earlier, a 
meter of this type may be used for final adjust- 
ment of neutralization in r.f. amplifiers. For this 
purpose the pick-up loop may be loosely coupled 
to the plate tank coil. In this case LZ; may be 
removed from its socket and the meter used as 
an untuned rectifier. This reduces the sensitivity 
and insures that the r.f. pickup is only from the 
tank coil to which the loop is closely coupled. 


@ THE SECONDARY FREQUENCY 
STANDARD 


The secondary frequency standard is a highly 
stable low-power oscillator generating a fixed 
frequency, usually 100 ke. It is nearly always 
crystal-controlled, and inexpensive 100-ke. crys- 
tals are available for the purpose. Since the har- 
monics are multiples of 100 ke. throughout the 
spectrum, some of them can be compared di- 


Fig. 21-12—Inside the wave- 
meter. Only the milliammeter 
and phone jack are mounted 
on the removable panel. The 
tuning capacitor is mounted 
vertically on an aluminum 
bracket fastened to the bot- 
tom of the case. The crystal 
diode is mounted between a 
coil-socket prong and a tie 
point. The phono jack for the 
pick-up cables is at 
the lower right. 


A Frequency Standard 


rectly with the standard frequencies transmitted 
by WWV. 

The edges of most amateur bands also are exact 
multiples of 100 ke., so it becomes possible to 
determine the band edges very accurately. This 
is an important consideration in amateur fre- 
quency measurement, since the only regulatory 
requirement is that an amateur transmission be 
inside the assigned band, not on a specific fre- 
quency. 


Frequency Standard with Harmonic 
Amplifier 


The frequency standard circuit shown in Fig. 
21-13 includes a tuned amplifier to increase the 
strength of the higher harmonics, and incorpo- 
rates a crystal-diode sawtooth generator to make 
the harmonic strength 
throughout the usable frequency spectrum of the 
instrument. It will produce useful calibration 
signals at 100-ke. intervals up to about 60 Me. 
The strength of a particular harmonic may be 
peaked up by selecting the proper amplifier tun- 
ing range with Se and adjusting C4. 

The 100-kce. oscillator uses the triode section of 
a 6AN8, while the amplifier uses the pentode 
section of the same tube. Power required for the 
unit is 150 volts at 10 ma. and 6.3 volts at 0.45 
amp. This may be taken from the accessory 
socket of a receiver, or a special supply easily 
can be made using a TV ‘‘booster”’ transformer 
(such as the Merit P-3046 or equivalent). 

The standard is built in a 4X5 X6 inch 
chassis-type box (Fig. 21-14). Ra and Se are 
mounted on the panel, with the amplifier plate 
coils mounted on Sg. The remaining components 
are mounted on the chassis, C4 being insulated 
from it because its plates are above ground for 
d.c. For the same reason, an insulated shaft 
extension is used for front-panel control of C4. 


OSCILLATOR 


100K 
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6.3V. 150V. 
A.C. 
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OUTPUT 


Connection between the standard and the 
receiver can be made through a wire from the 
hot terminal of J; to the antenna input post on 
the receiver. Depending on how well the receiver 
is shielded, such a wire may not be needed at the 
lower-frequency end of the range. 


Adjusting to Frequency 


The frequency can be adjusted exactly to 
100 ke. by making use of the WWV transmis- 
sions tabulated later in this chapter. Select the 
WWYV frequency that gives a good signal at your 
location at the time of day most convenient. Tune 
it in with the receiver b.f.o. off and wait for the 
period during which the modulation is absent. 
Then switch on the 100-ke. oscillator and adjust 
its frequency, by means of Cy, until its harmonic 
is in zero beat with WWV. The exact setting is 
easily found by observing the slow pulsation in 
background noise as the harmonic comes close 
to zero beat, and adjusting to where the pulsa- 
tion disappears or occurs at a very slow rate. 
The pulsation can be observed even more read- 
ily by switching on the receiver’s b.f.o., after 
approximate zero beat has been secured, and 
observing the rise and fall in intensity (not fre- 
quency) of the beat tone. For best results the 
WWYV signal and the signal from the 100-ke. 
oscillator should be about the same strength. 
It is advisable not to try to set the 100-ke. oscil- 
lator during the periods when the WWY signal 
is tone-modulated, since it is difficult to tell 
whether the harmonic is being adjusted to zero 
beat with the carrier or with a sideband. 


Using the Standard 


Basically, the 100-ke. standard provides a 
means for indicating the exact receiver dial 
settings at which frequencies that are multiples 
of 100 ke. are to be found. The harmonics of 


AMPLIFIER 


J 
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OUTPUT 


TUNING 


looppe 


Fig. 21-13—Circuit of the 100-kc. crystal calibrator. Unless otherwise indicated, capacitances are in yf., 
resistances are in ohms, resistors are 2 watt. 


Ci—50-pyf. midget variable (Hammarlund MAPC-50). 
Cs—100-upf. variable (Hammarlund HF-100). 

CRi, CRe—1N34A. 

Ji—Phono jack. 

Li —3.5-7 Mc., 10 wh. (National R-33 r.f. choke). 
le—6.5-14 Mc., 4.7 ph. (IRC type CL-1 r.f. choke). 
Ls—15-30 Mc., 1.0 wh. (IRC type CL-1 r.f. choke). 


La— 30-60 Mc., 0.22 uh.; 4 turns No. 20 plastic-insulated 
wire, ¥-inch diam. 

R2—5000-ohm potentiometer (Mallory U-14). 

Si—S.p.s.t., mounted on Re (Mallory US-26). 

Se—1-section, 1-pole, 4-position miniature phenolic. ro- 
tary switch (Centralab PA-1000). 

Yi—100-ke. crystal. 
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the standard can thus be used to check the dial 
calibration of a receiver, and many of the better- 
grade communications receivers either include 
a 100-ke. oscillator for this purpose or have pro- 
vision for installing one as an accessory. The 
actual frequency of at least one 100-ke. point in 
a given amateur band must be known, of course, 
but this is generally an easy matter since the 
activity in amateur bands usually makes identi- 
fication of the band-edge ‘‘marker signal”’ quite 
simple. After one frequency is known, the con- 
secutive 100-kc. harmonic signals are simply 
counted off from it. 

Although the 100-kc. standard does not make 
possible the exact measurement of a frequency, 
it is readily possible to determine whether or 
not the signal is in a particular 100-kc. segment. 
If the unknown signal tunes in between, say, 
21,200 and 21,300 ke., as indicated by the marker 
signals in the receiver, its frequency obviously 
lies between those two figures. For purposes of 
complying with the amateur regulations it is 
usually sufficient to know that the signal is 
above, or below, some specified 100-ke. point, 
since the edges of the amateur bands or sub- 
bands usually are at such points. If a closer 
measurement is desired a fairly good estimate 
usually can be made by counting the number of 
dial divisions between two 100-ke. points and 
dividing the number into 100 to find how many 
kilocycles there are per dial division. 

In using the receiver to check one’s own trans- 
mitting frequency it is necessary to take special 
precautions to reduce the strength of the signal 
from the transmitter to the point where it does 
not overload the receiver nor create spurious 
responses that could be taken for the actual 
signal. This invariably means that the receiving 
antenna must be disconnected from the receiver, 
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Fig. 21-14—A 100-ke. frequency standard 

and harmonic amplifier. The crystal in this unit 

is in the metal-tube type envelope. Power and 

r.f. output connections are taken through the 
rear chassis lip. 

The crystal diodes, CRi and CRs, are 
mounted on a tie-point strip underneath the 
chassis. The shaft of Ci can be seen in front 

of the vacuum tube. 


and it may be necessary, in addition, to short- 
circuit the receiver’s antenna input terminals. 
Try to reduce stray pickup to such an extent 
that the transmitter’s signal is no stronger than 
normal incoming signals at the regular gain- 
control settings. With some receivers this may 
require additional shielding around the signal- 
frequency circuits, and perhaps filtering of the 
a.c. and speaker leads where they leave the 
chassis, to prevent energy picked up on these 
leads from getting into the front end of the 
receiver. 


More Precise Methods 


The methods described above are quite ade- 
quate for the primary purpose of amateur fre- 
quency measurements — that is, determining 
whether or not a transmitter is operating inside 
the limits of an amateur band, and the approxi- 
mate frequency inside the band. For measure- 
ment of an unknown frequency to a high degree 
of accuracy more advanced methods can be used. 
Accurate signals at closer intervals can be ob- 
tained by using a multivibrator in conjunction 
with the 100-ke. standard, and thus obtaining 
signals at intervals of, say, 10 kc. or some other 
integral divisor of 100. Temperature control is 
frequently used on the 100-kce. oscillator to give 
a high order of stability (Collier, ‘‘What Price 
Precision?”’, QS7T, September and October, 1952). 
Also, the secondary standard can be used in 
conjunction with a variable-frequency interpola- 
tion oscillator to fill in the standard intervals 
(Woodward, “‘ A Linear Beat-Frequency Oscillator 
for Frequency Measurement,’ QST, May, 1951). 
An interpolation oscillator and standard can be 
combined in one instrument. One application of 
this type was described in QST7 for May, 1949 
(Grammer, “The Additive Frequency Meter’’). 
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The Central Radio Propagation Laboratory 
of the National Bureau of Standards main- 
tains two radio transmitting stations, WWV 
near Washington, D.C., and WWVH at 
Puunene, T.H., for broadcasting standard 
radio frequencies of high accuracy. WWV 
broadcasts are on 2.5, 5, 10, 15, 20 and 25 
megacycles per second, and those from 
WWVH are on 5, 10, and 15 Mc. The radio- 
frequency signals are modulated by pulses 
at 1 cycle per second, and also by standard 
audio frequencies alternating between 440 and 
600 cycles per second as shown by the accom- 
panying chart. 

Transmissions are continuous, with the fol- 
lowing exceptions: The WWYV transmissions 
are interrupted for a 4-minute period begin- 
ning at approximately 45 minutes after the 


ONE-MINUTE 
ANNOUNCEMENT 
INTERVALS 


hour, as indicated above; the WWVH trans- 
missions are interrupted for a 3-minute period 
beginning approximately 10 seconds after the 
hour and each 15 minute interval thereafter. 
WWVH is also silent each day for a 34-minute 
period beginning at 1900 Universal Time. 


Accuracy 


Transmitted frequencies are accurate within 
1 part in 100 million. The WWV transmissions 
are generally stable to 1 part in a billion in any 
given day, although this is not guaranteed. 
Frequencies are based on an atomic standard, 
and daily corrections to the transmitted fre- 
quencies are subsequently published each 
month in the Proceedings of the Institute of 
Radio Engineers. 


Time Signals 


The 1l-c.p.s. modulation is a 5-millisecond pulse at 
intervals of precisely one second, and is heard as a tick. 
The pulse transmitted by WWYV consists of 5 cycles of 
1000 cycle tone; that transmitted by WWVH consists 
of 6 cycles of 1200-cycle tone. On the WWYV transmis- 
sions, the 440- or 600-cycle tone is blanked out beginning 
10 milliseconds before and ending 25 milliseconds after 
the pulse. On the WWVH transmissions, the pulse is 
superimposed on the tone. The pulse on the 59th 
second is omitted, and for additional identification the 
zero-second pulse is followed by another 100 milliseconds 
later. 


Propagation Notices 


During the announcement intervals at 19144 and 494 
minutes after the hour, propagation notices applying to 
transmission paths over the North Atlantic are trans- 
mitted from WWV on 2.5, 5, 10, 15, 20, and 25 Me. 
Similar forecasts for the North Pacific are transmitted 
from WWVH during the announcement intervals at 
9 and 39 minutes after the hour. - 


These notices, in telegraphic code, consist of the letter 
N, W, or U followed by a number. The letter designa- 
tions apply to propagation conditions as of the time 
of the broadeast, and have the following significance: 

W —TIonospheric disturbance in progress or 
expected. 
U — Unstable conditions, but communication 
possible with high power. 
N — No warning. 
The number designations apply to expected propagation 
conditions during the subsequent 12 hours and have the 
following significance: 

Digit Forecast 
Impossible 
Very Poor 
Poor 
Fair to Poor 
Fair 
Fair to Good 
Good 
Very Good 
Excellent 


OCONQOOPF CN = 


Special Transmissions During the International Geophysical Year 


The special broadcasts instituted during the Inter- 
national Geophysical Year may be continued through 
part or all of 1961. These broadcasts include information 
on IGY ‘Alerts’ and ‘Special World Intervals.” 
The broadcasts from WWYV are at 4% and 341% min- 
utes past the hour and those from WWVH are at 14 and 
44 minutes past the hour. Each such transmission is pre- 
ceded by the letters “AGI” in International Morse 


Code. The code used for the information is as follows: 
5 A’s — State of alert. 
5 E’s — No state of alert. 
5 S’s — Special World Interval begins at 0001Z the 
following day. 
5 T’s — Special World Interval terminates at 2359Z. 
3 long dashes — Special World Interval in progress. 
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Test Oscillators and Signal Generators 


e THE GRID-DIP METER 


The grid-dip meter is a simple vacuum-tube 
oscillator to which a microammeter or low-range 
milliammeter has been added for reading the os- 
cillator grid current. A 0-1 milliammeter is sensi- 
tive enough in most cases. The grid-dip meter is 
so called because if the oscillator is coupled to a 
tuned circuit the grid current will show a de- 
crease or ‘dip’ when the oscillator is tuned 
through resonance with the unknown circuit. The 
reason for this is that the external circuit will 
absorb energy from the oscillator when both 
are tuned to the same frequency; the loss of 
energy from the oscillator circuit causes the feed- 
back to decrease and this in turn is accompanied 
by a decrease in grid current. The dip in grid 
current is quite sharp when the circuit to which 
the oscillator is coupled has reasonably high Q. 

The grid-dip meter is most useful when it cov- 
ers a wide frequency range and is compactly 
constructed so that it can be coupled to circuits 
in hard-to-reach places such as in a transmitter or 
receiver chassis. It can thus be used to check 
tuning ranges and to find unwanted resonances of 
the type described in the chapter on TVI. Since 
it is its own source of r.f. energy it does not re- 
quire the circuit being checked to be energized. 
In addition to resonance checks, the grid-dip 
meter also can be used as a signal source for 
receiver alignment and, as described later in this 


2 O 
METER Bt 


GND. 6.3 V. 
Fig. 21-15—Circuit diagram of the grid-dip meter, 
C;—50-upf. midget variable (Hammarlund HF-50). 
Co—100-yyf. ceramic. 
C3, C4, Co—0.001-yf. disk ceramic. 
C5s—0.01-yf. disk ceramic. 
Ri—22,000 ohms, 2 watt. 
Coil Data, Ly 


_ Freq. Range Turns Wire Diameter Turns/inck Tap* 
1.59- 3.5 Mc. 139 32enam, in. Close-wound 32 
3.45-7.8Mc. 40 32enam. 34in.  Close-wound 12 
7.55-17.5 Mc. 40 24tinned Win.t 32 14 
17 .2-40 Mc. 15 20tinned Win. t 16 5 
37 -85 Me. 4 20tinned Win.t 16 1% 


78 -160 Mc. Hairpin of No. 14 wire, 34 in. spacing, 2 inches long 
including coilform pins. Tapped 14in. from ground 
end. 

Coil forms are 34-in. diameter. 

* Turns from ground end. 


tB. & W. Miniductor or equivalent mounted inside coil form. 
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chapter, is useful in measurement of inductance 
and capacitance in the range of values used in 
r.f. circuits. 

The circuit of Fig. 21-15 is representative, 
although practically any oscillator circuit that 
will operate over the desired frequency range 
may be used. An instrument to cover both low 
and very high frequencies must be constructed 
with short, direct r.f. leads. With ordinary care 
in this respect there should be little difficulty 
in getting satisfactory operation up to 150 Mc. 

The power supply for the grid-dip meter may 
be included with the oscillator, but since this in- 
creases the bulk and weight a separate supply 
is often desirable. The power supply shown in 
Fig. 21-16 uses a miniature power transformer 
with a selenium rectifier and a simple filter to 
give approximately 120 volts for the oscillator 
plate. The potentiometer Fz is for adjustment of 
plate voltage. This is desirable because in any grid- 
dip meter the grid current may vary over wide 
limits in different parts of the frequency range, 
with fixed plate voltage. 


q 


Fig. 21-16—Circuit diagram of the power supply for 
the grid-dip meter. 

Ci, Co—16-uf. electrolytic, 150 volts. 

Ri— 1000 ohms, 2 watt. 

Re—0.1-megohm potentiometer. 

Ti—Power transformer, 6.3 volts and 125 to 150 volts 
(Merit P-3046 or equivalent.) 

CRi—20-ma. selenium rectifier. 

Mi—0O-1 d.c. milliammeter. 


The instrument may be calibrated by listening 
to its output with a calibrated receiver. The cali- 
bration should be as accurate as possible, al- 
though ‘‘frequency-meter accuracy” is not re- 
quired in the applications for which a grid-dip 
meter is useful. 

The grid-dip meter may be used as an indicat- 
ing-type absorption wavemeter by shutting off 
the plate voltage and using the grid and cathode 
of the tube as a diode. However, this type of cir- 
cuit is not as sensitive as the crystal-detector type 
shown earlier in this chapter, because of the high- 
resistance grid leak in series with the meter. 

In using the grid-dip meter for checking the 
resonant frequency of a circuit the coupling 
should be set to the point where the dip in grid 
current is just perceptible. This reduces inter- 
action between the two circuits to a minimum 
and gives the highest accuracy. With too-close 


Grid-Dip Meter 


Fig. 21-1 7—Transistor circuit-checker or ‘'grid-dip meter” 
covering 3 to 40 Mc. in five ranges. The circuit and bat- 
tery power supply are contained in the 2% X 244 X 5- 
inch aluminum box (Bud CU-3004) so the instrument is 
completely independent of the a.c. line. The dial is white 
cardboard with an inked-on calibration; the hairline indi- 
cator is on a Lucite disk cemented to the tuning knob. 
The d.c. meter is a miniature type, but the box is large 
enough to take a standard 2-inch instrument. The control 
on the near edge is R2, for setting the d.c. meter reading 
to a suitable on-scale value. 


coupling the oscillator frequency may be ‘‘pulled”’ 
by the circuit being checked, in which case differ- 
ent readings will be obtained when resonance is 
approached from the high side as compared with 
approaching from the low side. | 


Transistor “‘Grid-Dip” Oscillator 
The transistor oscillator is particularly con- 


venient in the applications for which the grid- 
dip meter is useful, since it lends itself to very 
compact construction with freedom from de- 
pendence on the a.c. line for power. The prin- 
cipal drawback at the present time is that there 
are no low-cost transistors that will oscillate 
well in the v.h.f. range. However, it is possible 
to build an oscillator that will operate at least 
through the ordinary communication frequencies, 
as shown by Figs. 21-17 to 21-19, inclusive. 

The oscillator circuit in Fig. 21-18 is basically 
of the Colpitts type. Since there is no d.c. cur- 
rent in the transistor oscillator that compares 
with grid current in the tube oscillator, an 
equivalent effect is obtained by using CR, to 
rectify some of the r.f. energy, and then meas- 
uring the rectified current. To enable the use of 
a relatively inexpensive d.c. instrument, a sec- 
ond transistor is used as a d.c. amplifier follow- 
ing the rectifier. Omitting Q2 would require J‘, 
to be a sensitive microammeter, since the power 
in the r.f. oscillator is extremely low. Re» pro- 
vides a means for setting the meter reading to 
the desired point on the scale. 

The optimum value of bias resistor, 1, varies 
with frequency, so the proper resistor is mounted 
in the coil form for each range. Any convenient 
pin arrangement can be used for the coil and 
resistor terminals. Mount the coils near the open 
ends of the forms so they can be tightly coupled 
to the circuit being checked. The resistors should 
be placed near the bottom so they will be as far 
as possible from the coils. 

The instrument is used in the same way as a 
tube grid-dip meter in checking unknown cir- 
cuits, and may be calibrated by the same method. 


& AUDIO-FREQUENCY OSCILLATORS 


A useful accessory for testing audio-frequency 


Fig. 21-18—Circuit of the transistor- 
ized grid-dip meter. Capacitances are 
in upf. except where specified other- 
wise; fixed resistors are '/2 watt. Fixed 
capacitors are ceramic. 


a j BT, 
a RSM ote 
Sip 


BT: —8.4-volt mercury transistor battery (RCA No. VS31 2). 
BT2—1.5-volt mercury cell (RCA VS 313). 
Ci—100-yuf. midget variable (Hammerlund MAPC- 
100-B). 
CRi—1N34 or equiv. 
li— 3-5 Mc.: 72 turns No. 28 enam., 2-inch diam., 1 
inch long, close-wound. 
5-10 Mc.: 43 turns* 
10-17 Mc.: 17 turns* 
17-30 Mc.: 7 turns* 
28-40 Mc.: 3 turns* 
M:1—0-1 milliammeter. 


Q2—2N107, CK722, or 2N222. 


Ri—3-5 Mc.: 39,000 ohms**. 
5-10 Mc.: 10,000 ohms**. 
10-17 Mc.: 4700 ohms**, 
17-30 Mc.: 4700 ohms**. 
28-40 Mc.: 10,000 ohms**. 
R2—0.5-megohm control. 
S:—D.p.s.t. toggle mounted on Ro. 
* No. 24 wire, Y2-inch diameter, 32 turns per inch (B & W 
3004 Miniductor), mounted inside %4-inch diameter 
polystyrene coil form (Amphenol 24-5H). 
** Mounted in coil form with coil of same range. 
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Fig. 21-19—Inside the case of the 
transistor oscillator. All components are 
mounted on the flanged section of 
the two-piece box, The oscillator is at 
the right in this view, with connections 
anchored to tie points placed on 
either side of the coil socket. Q: is 
visible just below the tuning capacitor. 
CRi is mounted on the tie-point strip 
above the coil socket. The d.c. ampli- 
fier circuit is to the left of the mercury 
battery; the 1.5-volt cell is mounted 
beside the variable resistor, using a 
lug soldered to the + terminal for 
support. 


amplifiers and modulators is an audio-frequency 
signal generator or oscillator. Checks for dis- 
tortion, gain, and the troubles that occur in such 
amplifiers do not require elaborate equipment; 
the principal requirement is a source of one or 
more audio tones having a good sine wave form, 
at a voltage level adjustable from a few volts 
down to a few millivolts so the oscillator can be 
substituted for the type of microphone to be used. 

An easily constructed oscillator of this type 
is shown in Figs. 21-20 to 21-22, inclusive. 
Three audio frequencies are available, approxi- 
mately 200, 900 and 2500 cycles. These three 
frequencies are sufficient for testing the frequency 
response of an amplifier over the range needed for 
voice communication. 

The circuit uses a double triode as a cathode- 
coupled oscillator, the second section of the tube 
providing the feedback necessary for oscillation 
through the common cathode connection. The 
3-watt lamp in this feedback loop acts as a 
variable resistance to control the oscillation 
amplitude and thus maintain the operating con- 
ditions at the point where the best wave form is 
generated. This operating point is set by the 
“oscillation control,” R ,. The frequency is de- 
termined by the resistance and capacitance in 


CRi—20-ma. selenium 


rectifier. 
lh—3-watt, 115-volt pete oie 
lamp (G.E. 386). a 
L—8 henrys, 40 ma. CONT 
(Thordarson 
20C52). 
Ri, Re—Volume controls. 2.2K 


$i—2-pole 5-position 
(3 used) rotary 
switch, 

S2—S.p.d.t. toggle. 

S3—S.p.s.t. toggle 
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Fig. 21-20—Bottom view of the audio oscillator, show- 
ing the power-supply components and amplitude-control 
lamp, 1. The lamp is mounted by wires soldered to its 
base. The selenium rectifier is supported by a tie-point 
strip. Placement of resistors, which are hidden by the 
other components, is not critical. The unit fits 
ina 4 X 5 &X 6 inch box. 
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Audio Oscillator 


Fig. 21-22—Inside view of the audio oscillator. The a.c. 
switch. S3, is mounted on the output control aft the left 
on the panel. The ceramic capacitors in the frequency- 
determining circuits are mounted on the rotary switch, 
Si, at the right. Se is above the tube, and 71 is on the 
near edge of the chassis, which is a U-shaped piece of 
aluminum 31/2 inches deep with 11 inch lips. Ri is mounted 
on the near lip at the left. 


the coupling circuit between the first-section 
plate and second-section grid. Various values of 
capacitance can be selected by means of S, to 
set the frequency. The actual frequencies meas- 
ured in the unit shown in the photographs 
are given on the diagram. They may be either 
increased or decreased by using smaller or larger 
capacitances, respectively. 

Output is taken from the cathode of the 
second triode section. Either the full output, 1.5 
volts, or approximately one-tenth of it can be 
selected by So. On either of these two ranges 
smooth control of output is provided by [. 

The built-in power supply uses a small trans- 
former and a selenium rectifier to develop ap- 
proximately 150 volts. Hum is reduced to a 
negligible level by the filter consisting of the 
8-henry choke and 20-uf. capacitors. 

An oscilloscope is uscful for preliminary 
checking of the oscillator since it will show wave 
form. R, should be set at the point that will 
ensure oscillation on all three frequencies when 
switching from one to the other. 


@ NOISE GENERATORS 


A noise generator is a device for creating a 
controllable amount of radio-frequency noise 
(“‘hiss”’-type noise) evenly distributed through- 
out the frequency spectrum of interest. The 
simplest type of noise generator is a diode, either 
vacuum-tube or crystal, with direct current 
flowing through it. The current is also made to 


flow through a load resistance which in general 
is chosen to equal the characteristic impedance 
of the transmission line to be connected to the 
receiver’s input terminals. The resistance then 
substitutes for the line, and the amount of r.f. 
noise fed to the input terminals of the receiver 
is controlled by controlling the d.c. through the 
diode. 

The usefulness of the noise generator in ama- 
teur work les in the fact that it provides a 
means for adjusting the ‘‘front-end”’ circuits of 
a receiver for optimum signal-to-noise ratio (see 
sections on receiver design). Although it can be 
built at little expense, it is actually more effec- 
tive for this purpose than costly laboratory-type 
signal generators. A simple circuit using a crystal 
diode is shown in Fig. 21-23. Fig. 21-24 illus- 


Fig. 21-23—Circuvit of a simple crystal-diode noise 
generator. 


BT:—Dry-cell battery, any convenient type. 

Ci—500-yyf. ceramic, disk or tubular. 

CRi—Silicon diode, 1N21 or 1N23. Diodes with ''R"’ suffix 
have reversed polarity. (Do not use ordinary 
germanium diodes). 

P;—Coaxial fitting, cable type. 

Ri—50,000-ohm control, counterclockwise 
taper. 

R2—51 or 75 ohms, Y2-watt composition. 

S:—S.p.s.t. toggle (may be mounted on Ri). 


logarithmic 


trates the construction, the principal require- 
ment being that Ry should be mounted right on 
the terminals of the coaxial fitting and that lead 
lengths should be as short as possible in the cir- 
cuit formed by Cy, CR, and Ro. If these lead 
lengths are negligible the instrument should 
give uniform performance up to at least 150 Mc. 
Ro should match the particular line and input 
impedance for which the receiver is designed. 

To use the generator, screw the coaxial fitting 
on the receiver’s input fitting, open S), and 
measure the noise output of the receiver using 
an a.c. vacuum-tube voltmeter or similar a.f. 
voltage indicator. Make sure that the receiver’s 
r.f. and audio gain controls are set well within 
the linear range, and do not use a.g.c. Then 
turn on the noise generator and set R, for an 
appreciable increase in output, say twice the 
original noise voltage, and note the dial setting. 
Receiver front-end adjustments may then be 
made with the object of attaining the same noise 
increase with the lowest possible direct current 
through the diode — that is, with the largest 
possible resistance at Rj. 

The instrument may be used for comparing 
different receivers or different front-end arrange- 
ments, since this type of measurement is inde- 


pendent of receiver bandwidth (which has a 


marked effect on the actual signal-to-noise 
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Fig. 21-24—Crystal-diode noise generator mounted in a 1% X 2% X 4-inch box. Most of the space is occupied by 

the miniature 6-volt dry-cell battery. The coaxial fitting (PL-259) can be mounted to the box by cutting a hole ina small 

square sheet-copper plate to make a snug fit over the end of the body of the connector and then soldering it in place. 

Holes can be drilled in the plate for mounting screws. The diode can be mounted in improvised clips, the larger being a 
small-size grid-grip and the smaller a miniature socket contact. 


ratio). For consistent measurements the battery 
voltage should be checked to make sure that it 
does not change with the setting of 1. 


(Further information on noise generators, with 
additional references, may be found in QST' for 
July, 1953.) 


R.F. Measurements 


@ RF. CURRENT 


R.f. current-measuring devices use a thermo- 
couple in conjunction with an ordinary d.c. in- 
strument. The thermocouple is made of two dis- 
similar metals which, when heated, generate a 
small d.c. voltage. The thermocouple is heated 
by a resistance wire through which the r.f. cur- 
rent flows, and since the d.c. voltage developed is 
proportional to the heating, which in turn is pro- 
portional to the power used by the heating ele- 
ment, the deflections of the d.c. instrument are 
proportional to power rather than to current. 
This causes the calibrated scale to be compressed 
at the low-current end and spread out at the high- 
current end. The useful range of such an instru- 
ment is about 3 or 4 to 1; that is, an r.f. ammeter 
having a full-scale reading of 1 ampere can be 
read with satisfactory accuracy down to about 
0.3 ampere, one having a full scale of 5 amperes 
can be read down to about 1.5 amperes, and so 
on. No single instrument can be made to handle a 
wide range of currents. Neither can the r.f. am- 
meter be shunted satisfactorily, as can be done 
with d.c. instruments, because even a very smal] 
amount of reactance in the shunt will cause the 
readings to be highly dependent on frequency. 

Fig. 21-25 shows a convenient way of using 
an r.f. ammeter for measuring current in a coaxial 
line. The instrument is simply mounted in a 
metal box with a short lead from each terminal 
to a coaxial fitting. The shunt capacitance of 
an ammeter mounted in this way has only a 
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Fig. 21-25—R.f. ammeter mounted for connecting into 
a coaxial line for measuring power. A ''2-inch” instrus 
ment will fit into a 2 X 4 X 4 metal box. 


negligible effect on accuracy at frequencies as 
high as 30 Me. if the instrument has a bakelite 
case. Metal-cased meters should be mounted on 
a bakelite panel which in turn can be mounted 
behind a cut-out that clears the meter case by 
14 inch or so. : 


@ RF. VOLTAGE 


An r.f. voltmeter is a rectifier-type instrument 
in which the r.f. is converted to d.c., which is 
then measured with a d.c. instrument. The 
best type of rectifier for most applications is a 
crystal diode, such as the 1N84 and similar 
types, because its capacitance is so low as to have 
little effect on the behavior of the r.f. circuit to 
which it is connected. The principal limitation of 
these rectifiers is their rather low value of safe 
inverse peak voltage. Vacuum-tube diodes are 
considerably better in this respect, but their size, 
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shunt capacitance, and the fact that power is re- 
quired for heating the cathode constitute serious 
disadvantages in many applications. 

One of the principal uses for such voltmeters 
is as null indicators in r.f. bridges, as described 
later in this chapter. Another useful application 1s 
in measurement of the voltage between the con- 
ductors of a coaxial line, to show when a trans- 
mitter is adjusted for optimum output. In either 
case the voltmeter impedance should be high 
compared with that of the circuit under measure- 
ment, to avoid taking appreciable power, and the 
relationship between r.f. voltage and the reading 
of the d.c. instrument should be as linear as possi- 
ble — that -is, the d.c. indication should be 
directly proportional to the r.f. voltage at all 
points of the scale. - 

All rectifiers show a variation in resistance 
with applied voltage, the resistance being highest 
when the applied voltage is small. These varia- 
tions can be fairly well ‘‘swamped out” by using 
a high value of resistance in the d.c. circuit of 
the rectifier. A resistance of at least 10,000 ohms 
is necessary for reasonably good linearity with a 
0-1 milliammeter. High resistance in the d.c. 
circuit also raises the impedance of the r.f. volt- 
meter and reduces its power consumption. 

The basic voltmeter circuit is shown in Fig. 
21-26. It is simply a half-wave rectifier with a 
meter and a resistor, 21, for improving the linear- 
ity. The time constant of C,R, should be large 
compared with the period of the lowest radio 
frequency to be measured — a condition that can 
easily be met if /?; is at least 10,000 ohms and C, 
is 0.001 uf. or more —so C, will stay charged 
near the peak value of the r.f. voltage. The radio- 
frequency choke may be omitted if there is a 
low-resistance d.c. path through the circuit 
being measured. Cp») provides additional rf. 
filtering for the d.c. circuit. 


1N34 R, 
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Fig. 21-26—R.f. voltmeter circuit using a crystal rectifier 
and d.c. microammeter or O-1 milliammeter. 


The simple circuit of Fig. 21-26 is useful for 
voltages up to about 20 volts, a limitation im- 
posed by the inverse-peak voltage ratings of 
crystal diodes. A dual range voltmeter circuit, 

_ 0-20 and 0-100 volts, is shown in Fig. 21-27. A 
voltage divider, Ro, is used for the higher range. 
An instrument using this circuit is shown in 
Fig. 21-28. It is designed for connection into a 
coaxial line. The principal constructional pre- 
cautions are to keep leads short, and to mount 
the components in such a way as to minimize 
stray coupling between them and to keep them 
fairly well separated from metal surfaces. 

For accurate calibration (the power method de- 
scribed below may be used) #3 should be adjusted, 
by selection of resistors or using two in series 


O-1 
[1000 


Fig. 21-27—Dual-range r.f. voltmeter circuit. Capaci- 
tances are in’ uuf.; capacitors are disk ceramic. 

CR:1—1N34 or equivalent. 

Ji, J2—Coaxial connectors, chassis-mounting type. 

Ri1— 1000 ohms, 1 watt. 

R2—3300 ohms, 2 watts. 

R3—App. 22,000 ohms (see text), Y2 watt. 

S:—S.p.d.t. rotary switch (Centralab 1460), 


to obtain the desired value, so that the meter 
reads full scale, with S; set for the low range, 
with 20 volts r.m.s. on the line. A frequency in 
the vicinity of 14 Me. should be used. Then, with 
S, set for the high range, various resistors should 
be tried at Ry or R» until with the same voltage 
the meter reads 20 per cent of full scale. The re- 
sistance variations usually will be within the 
range of 10 per cent tolerance resistors of the 
values specified. The readings at various other 
voltages should be observed in order to check 
the linearity of the scale. 


Calibration 


Calibration is not necessary for purely com- 
parative measurements. A calibration in actual 
voltage requires a known resistive load and an 
r.f. ammeter. The setup is the same as for r.f. 
power measurement as described later. 


Fig. 21-28—Dual-range r.f. voltmeter for use in coaxial 
line, using a O-1 d.c. milliammeter. The voltage-divider 
resistors, Ri and Rez (Fig. 21-27) are at the center in the 


_ lower compartment. The bypass capacitors and R3 are 


mounted on a tie-point strip at the right. The unit is built 

ina 4 X 6 X 2 inch aluminum chassis, with an aluminum 

partition connecting the two sides of the box to form a 

shielded space. A bottom plate, not shown, is used to 
complete the shielding. 


@ v.T.V.M. R.F. PROBE 


R.f. up to about 30 volts peak and a frequency 
of 200 Me. is most conveniently measured with a 
v.t.v.m. (Fig. 21-8) and an r.f. probe. An r.f. 
probe is merely a rectifier that uses a v.t.v.m. to 
indicate the magnitude of the rectified voltage. 
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Fig. 21-29—The r.f. probe is used in conjunction with a 
vacuum-tube voltmeter. The case of the probe is constructed 
from a 7-pin ceramic tube socket and a 2'%4-inch tube 
shield. A half-inch grommet at the top of the tube shield 
prevents the output lead of the probe from chafing. The 
flexible copper-braid grounding lead and alligator clip 
provide a low-inductance return path from the test circuit. 
The d.c. output of the probe goes to the phone plug, 
which plugs into the d.c. input jack of the v.t.v.m. 


The resultant d.c. voltage is very nearly equal to 
the peak value of the r.f. voltage. 

The unit shown in Figs. 21-29 and 21-31 and 
schematically in Fig. 21-30 is similar in circuitry 
to most of the conventional peak-indicating, 
shunt-type commercial r.f. probes. However, it 
can be constructed for considerably less than the 
cost of a commercial unit. If all parts, including 
the shielded wire, alligator clip, tie point, resistor, 
phone plug, tube socket, tube shield, capacitor, 
and diode are purchased new, the total cost of the 
unit is approximately $2.25. 

The isolation capacitor, crystal diode, and 
resistor are mounted on a bakelite 5-lug terminal 
strip, as shown in Fig. 21-32. One end lug should 
be rotated 90 degrees so that it extends off the 
end of the strip. All other lugs should be cut off 
flush with the edge of the strip. Where the inner 
conductor connects to the terminal lug, unravel 
the shield three-quarters of an inch, slip a piece 
of spaghetti over it, and then solder the braid 
to the ground lug on the terminal strip. Remove 
the spring from the tube shield, slide it over the 
cable, and crimp it to the remaining quarter inch 
of shield braid. Solder both the spring and a 12- 
inch length of flexible copper braid to the shield. 

Next, cut off the pins on a seven-pin miniature 


ceramic or mica shield-base tube socket. Use a | 
socket with a cylindrical center post, such as the — 


Johnson 120-277. Crimp the terminal lug pre- 
viously bent out at the end of the strip and insert 


Olme, 


3.9 MEG. 


R, 


IN34A 


Fig. 21-30—The r.f. probe circuit. 
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it into the center post of the tube socket from the 
top. Insert the end of a phone tip or a pointed 
piece of heavy wire into the bottom of the tube 
socket center post, and solder the lug and tip to 
the center post. Insert a half-inch grommet at the 
top of the tube shield, and slide the shield over 
the cable and flexible braid down onto the tube 
socket. The spring should make good contact with 
the tube shield to insure that the tube shield 
(probe case) is grounded. Solder an alligator clip 
to the other end of the flexible braid and mount a 
phone plug on the free end of the shielded wire. 
Mount components close to the terminal strip, 
to keep lead lengths as short as possible and 
minimize stray capacitance. Use spaghetti over 
all wires to prevent accidental shorts. When 
soldering the crystal diode, hold the end to be 
soldered with a pair of long-nose pliers, to conduct 
damagingheat away from the diode. 
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Fig. 21-31—Close-up of the inside of the probe. The 
IN34A crystal diode rectifier, calibrating resistor, and 
input capacitor are mounted tight to the terminal strip 
with shortest leads possible. Spaghetti tubing is placed on 
the diode leads to prevent accidental short circuits. The 
tube-shield spring and Rexible-copper grounding lead are 
soldered to the cable braid (the cable is RG-58/U coax). 
The tip can be either a phone tip or a 
short pointed piece of heavy wire. 


Using the Probe 


The a.c. input voltage that the probe can han- 
dle safely is limited to about 21 volts r.m.s. or 
30 volts peak, as a result of the 60-volt peak- 
inverse rating of the 1N34A crystal diode. The 
phone plug on the probe cable plugs into the d.c. 
input jack of the v.t.v.m., and r.m.s. voltages 
are read on the vacuum-tube voltmeter’s nega- 
tive d.c. scale. When using the probe be sure that 
any d.c. voltage on the circuit being checked does 
not exceed the d.c. voltage rating of C4. 

The accuracy of the probe is approximately 
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Fig. 21-32—Component mounting details. 
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+ 10 per cent from 50 ke. to 250 Mc. For exam- 
ple, if the error of the v.t.v.m. used with the probe 
is + 5 per cent, then the over-all error of the 
measuring system is + 15 per cent. At low values 
of input voltage, below a volt or so, the accuracy 
of the probe is somewhat poorer because of the 
nonlinearity of the 1N34A crystal diode. At these 
lower input voltages the output of the probe 
more closely approaches a square-law relation- 
ship than a linear one. 

The approximate input impedance of a probe of 
this type is 6000 ohms shunted by 1.75 uuf. (at 
200 Mce.), and the amount of error introduced 
because of circuit loading by the probe is depend- 
ent on the impedance of the source of the a.c. 
voltage being measured. If peak values are de- 
sired rather than r.m.s., the r.m.s. values can be 
multiplied by 1.41 or the peak scales on the 
v.t.v.m. can be read directly if so calibrated. 


@ RF. POWER 


Measurement of r.f. power requires a resistive 
load of known value and either an r.f. ammeter or 
a calibrated r.f. voltmeter. The power is then 
either /?R or E2/R, where R is the load resistance 
in ohms. 

The simplest method of obtaining a load of 
known resistance is to use an antenna system 
with coax-coupled matching circuit of the type 
described in the chapter on transmission lines. 
When the circuit is adjusted, by means of an 
s.w.r. bridge, to bring the s.w.r. down to 1 to 1 
the load is resistive and of the value for which the 
bridge was designed (52 or 75 ohms). 

The r.f. ammeter should be inserted in the line 
in place of the s.w.r. bridge after the matching 
has been completed, and the transmitter then ad- 
justed — without touching the matching circuit 
— for maximum current. A 0-1 ammeter is useful 
for measuring the approximate range 5-50 watts 
in 52-ohm line, or 7.5-75 watts in 75-ohm line; 
a 0-3 instrument can be used for 13-450 watts 
in 52-ohm line and 20-675 watts in 75-ohm line. 
The accuracy is usually greatest in the upper 
half of the scale. 

An r.f. voltmeter of the type described in the 
preceding section also can be used for power 
measurement in a similar setup. It has the ad- 
vantage that, because its scale is substantially 
linear, a much wider range of powers can be 
measured with a single instrument. 


@ INDUCTANCE AND CAPACITANCE 


The ability to measure inductance and capa- 
citance saves time that might otherwise be spent 
in cut-and-try. A convenient instrument for this 
purpose is the grid-dip oscillator, described 
earlier in this chapter. 

For measuring inductance, use is made of a 
capacitance of known value as shown at A in 
Fig. 21-33. With the unknown coil connected 
to the standard capacitor, couple the grid-dip 
meter to the coil and adjust the oscillator fre- 
quency for the grid-current dip, using the loosest 
coupling that gives a detectable indication. The 


inductance is then given by the formula 
25,330 
Cunt. ih Me. 
The reverse procedure is used for measuring 
capacitance — that is, a coil of known inductance 


isused as a Standard as shown at B. The unknown 
capacitance is 


Lun. = 


25,330 
Dun. f te. 


The accuracy of this method depends on the 
accuracy of the grid-dip meter calibration and 
the accuracy with which the standard values of 
L and C are known. Postage-stamp silver-mica 


Cunt. = 
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(A) a STANDARD 
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STANDARD 
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Fig. 21-33 —Setups for measuring inductance and capac- 
itance with the grid-dip meter. 


capacitors make satisfactory capacitance stand- 
ards, since their rated tolerance is +5 per cent. 
Equally good inductance standards can be made 
from commercial machine-wound coil material. 
A single pair of standards will serve for measur- 
ing the Zand C values commonly used in amateur 
equipment. A good choice is 100 pyf. for the 
capacitor and 5 wh. for the coil. Based on these 
values the chart of Fig. 21-35 will give the un- 
known directly in terms of the resonant frequency 
registered by the grid-dip meter. In measuring the 
frequency the coupling between the grid-dip 
meter and resonant circuit should be kept at 
the smallest value that gives a definite indication. 
A correction should be applied to measure- 
ments of very small values of L and C to include 
the effects of the shunt capacitance of the mount- 


Fig. 21-34—A convenient mounting, using binding-post 
plates, for L and C standards made from commercially- 
available parts. The capacitor is a 100-yyf. silver mica 
unit, mounted so the lead length is as nearly zero as 
possible. The inductance standard, 5 wh., is 17 turns of 
No. 3015 B & W Miniductor, 1-inch diameter, 
16 turns per inch. 
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Fig. 21-35—Chart for determining unknown values of L and C in the range 0.1 to 100 yuh. 
and 2 to 1000 wuf., using standards of 100 wuf. and 5 wh. 


ing for the coil, and for the inductance of the 
leads to the capacitor. These amount to approxi- 
mately 1 uuf. and 0.03 uh., respectively, with 
the method of mounting shown in Fig. 21-34. 


Coefficient of Coupling 


The same equipment can be used for measure- 
ment of the coefficient of coupling between two 
coils. This simply requires two measurements of 
inductance (of one of the coils) with the coupled 
coil first open-circuited and then short-circuited. 
Connect the 100-uyf. standard capacitor to one 
coil and measure the inductance with the termi- 
nals of the second coil open. Then short the 
terminals of the second coil and again measure 
the inductance of the first. The coefficient of 
coupling is given by 


tee 
Ly 


where k = coefficient of coupling 


Ly, = inductance of first coil with terminals 
of second coil open 
Le = inductance of first coil with terminals 


of second coil shorted. 


@ RF. RESISTANCE 


Aside from the bridge methods used in trans- 
mission-line work, described later, there is rela- 
tively little need for measurement of r.f. resist- 


ance in amateur practice. Also, measurement of 
resistance by fundamental methods is not prac- 
ticable with simple equipment. Where such 
measurements are made, they are usually based 
on known characteristics of available resistors 
used as standards. . 
Most types of resistors have so much inherent 
reactance and skin effect that they do not act like 
“pure” resistance at radio frequencies, but in- 
stead their effective resistance and impedance 
vary with frequency. This is especially true of 
wire-wound resistors. Composition (carbon) re- 
sistors of 25 ohms or more as a rule have neg- 
ligible inductance for frequencies up to 100 Me. 
or so. The skin effect also is small, but the shunt 
capacitance cannot be neglected in the higher 
values of these resistors, since it reduces their 
impedance and makes it reactive. However, for 
most purposes the capacitive effects can be con- 
sidered to be negligible in composition resistors of 
values up to 1000 ohms, for frequencies up to 50 
to 100 Mc., and the rf. resistance of such units is 
practically the same as their d.c. resistance. 
Hence they can be considered to be practically 
pure resistance in such applications as r.f. bridges, 
etc., provided they are mounted in such a way as 
to avoid magnetic coupling to other circuit 
components, and are not so close to grounded 
metal parts as to give an appreciable increase in 
shunt capacitance. 


Antenna and Transmission-Line Measurements 


Two principal types of measurements are made 
on antenna systems: (1) the standing-wave ratio 
on the transmission line, as a means for deter- 
mining whether or not the antenna is properly 
matched to the line (alternatively, the input re- 
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sistance of the line or antenna may be measured) ; 
(2) the comparative radiation field strength 
in the vicinity of the antenna, as a means for 
checking the directivity of a beam antenna and 
as an aid in adjustment of element tuning and 


Field Strength Meters 


phasing. Both types of measurements can be 
made with rather simple equipment. 


g FIELD-STRENGTH MEASUREMENTS 


The radiation intensity from an antenna is 
measured with a device that is essentially a very 
simple receiver equipped with an indicator to 
give a visual representation of the comparative 
signal strength. Such a field-strength meter is 
used with a “pick-up antenna” which should al- 
ways have the same polarization as the antenna 
being checked — e.g., the pick-up antenna should 
be horizontal if the transmitting antenna is hori- 
zontal. Care should be taken to prevent stray 
pickup by the field-strength meter itself or by 
any transmission line that may connect it to the 
pick-up antenna. 

Field-strength measurements preferably should 
be made at a distance of several wavelengths 
from the transmitting antenna being tested. 
Measurements made within a wavelength of the 
antenna may be misleading, because of the pos- 
sibility that the measuring equipment may be 
responding to the combined induction and radia- 
tion fields of the antenna, rather than to the 
radiation field alone. Also, if the pick-up antenna 
has dimensions comparable with those of the 
antenna under test it is likely that the coupling 
between the two antennas will be great enough 
to cause the pick-up antenna to tend to become 
part of the radiating system and thus result in 
misleading field-strength readings. 


Fig. 21-36—Transistor d.c. amplifier applied to the 
wavemeter of Fig. 21-10 to increase sensitivity. Com- 
ponents not listed below are the same as in Fig. 21-10. 
Bi—Small flashlight cell. 

Mi—O-1 d.c. milliammeter (see text). 

Qi—2N107, CK722, etc. 

Ri—10,000-ohm control. 


A desirable form of pick-up antenna is a dipole 
installed at the same height as the antenna being 
tested, with low-impedance line such as 75-ohm 
Twin-Lead connected at the center to transfer 
the r.f. signal to the field-strength meter. The 
length of the dipole need only be great enough to 
give adequate meter readings. A half-wave dipole 
will give high sensitivity, but such length will not 
be needed unless the distance is several wave- 
lengths and a relatively insensitive meter is used. 


Field-Strength Meters 


The crystal-detector wavemeter described 
earlier in this chapter may be used as a field- 


strength meter. It may be coupled to the trans- 
mission line from the pick-up antenna through 
the coaxial-cable jack, J. 
The indications with a crystal wavemeter con- 
nected as shown in Fig. 21-10 will tend to be 
‘square law’’ — that is, the meter reading will 
be proportional to the square of the r.f. voltage. 
This exaggerates the effect of relatively small ad- 
justments to the antenna system and gives a 
false impression of the improvement secured. 
The meter reading can be made more linear by 
connecting a fairly large resistance in series with 
the milliammeter (or microammeter). About 
10,000 ohms is required for good linearity. This 
considerably reduces the sensitivity of the meter, 
but the lower sensitivity can be compensated for 
by making the pick-up antenna sufficiently large. 


Transistorized Wavemeterand 
Field-Strength Meter 


A sensitive field-strength meter can be made by 
using a transistor as a d.c. amplifier following 
the crystal rectifier of a wavemeter. A circuit of 
this type is shown in Fig. 21-34. Depending on 
the characteristics of the particular transistor 
used, the amplification of current may be 10 or 
more times, so that a 0-1 milliampere d.c. instru- 
ment becomes the equivalent of a sensitive 
microammeter. 

The circuit to the left of the dashed line in 
Fig. 21-36 is the same as the wavemeter circuit 
of Fig. 21-10, and the transistor amplifier can 
easily be accommodated in the case shown in 
Figs. 21-11 and 21-12. 

The transistor is connected in the common- 
emitter circuit with the rectified d.c. from the 
crystal diode flowing in the base-emitter circuit. 
Since there is a small residual current in the col- 
lector circuit with no current flowing in the base- 
emitter circuit, the d.c. meter is connected in a 
bridge arrangement so the residual current can 
be balanced out. This is accomplished, in the 
absence of any signal input to the transistor base, 
by adjusting R, so that the voltage drop across 
it is equal to the voltage drop from collector to 
emitter in the transistor. R2 and R3, being of the 
same resistance, have equal voltage drops across 
them and so there is no difference of potential | 
across the meter terminals until the collector 
current increases because of current flow in the 
base-emitter circuit. 

The collector current in a circuit of this type 
is not strictly proportional to the base current, 
particularly for low values of base current. The 
meter readings are not directly proportional to 
the field strength, therefore, but tend toward 
“square law’’ response just as in the case of a 
simple diode with little or no resistance in its d.c. 
circuit. For this reason the d.c. meter, 1/1, should 
not have too-high sensitivity if reasonably linear 
response is desired. A O-1 milliammeter will be 
satisfactory. 

The zero balance should be checked at inter- 
vals while the instrument is in use, since the 
residual current of the transistor is sensitive to 
temperature changes. 
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@ IMPEDANCE AND STANDING-WAVE 
RATIO 


Adjustment of antenna matching systems re- 
quires some means either of measuring the input 
impedance of the antenna or transmission line, 
or measuring the standing-wave ratio. “Bridge” 
methods are suitable for either measurement. 

There are many varieties of bridge circuits, 
the two shown in Fig. 21-37 being among the 
most popular for amateur purposes. The simple 


(a) t oo : 


C; 


$ 
FOR V=0 
(B) Ea Cy 
Fs : R= Gaet 
2 L 


Fig. 21-37—Basic bridge circuits. (A) Resistance bridge; 

(B) resistance-capacitance bridge. The latter circuit is 

used in the 'Micromatch,” with Rs a very low resistance 

(1 ohm or less) and the ratio C:/C2 adjusted accordingly 
for a desired line impedance. 


resistance bridge of Fig. 21-37A consists essen- 
tially of two voltage dividers in parallel across 
a source of voltage. When the voltage drop 
across 2; equals that across Rs the drops across 
Ro and Ry are likewise equal and there is no 
difference of potential between points A and B. 
Hence the voltmeter reading is zero and the 
bridge is said to be “‘balanced.” If the drops 
across R; and Fs are not equal, points A and B 
are at different potentials and the voltmeter will 
read the difference. The operation of the circuit 
of Fig. 21-37B is similar, except that one of the 
voltage dividers is capacitive instead of resistive. 

Because of the characteristics of practical com- 
ponents at radio frequencies, the circuit of Fig. 
21-37A is best suited to applications where the 
ratio I,/R, is fixed; this type of bridge is par- 
ticularly well suited to measurement of standing- 
wave ratio. The circuit of Fig. 21-37B is well 
adapted to applications where a variable voltage 
divider is essential (since Cy and C2 may readily 
be made variable) as in measurement of un- 
known values of Ir. 


S.W.R. Bridge 


In the circuit of Fig. 21-37A, if Ry; and Re are 
made equal, the bridge will be balanced when 
Ry = Rs. This is true whether Ry is an actual 
resistor or the input resistance of a perfectly 
matched transmission line, provided Rs is chosen 
to equal the characteristic impedance of the line. 
Even if the line is not properly matched, the 
bridge will still be balanced for power traveling 
outward on the line, since outward-going power 
sees only the Zo of the line until it reaches the 


528 


21—- MEASUREMENTS 


load. However, power reflected back from the 
load does not “‘see’” a bridge circuit and the 
reflected voltage registers on the voltmeter. 
From the known relationship between the out- 
going or ‘forward’ voltage and the reflected 
voltage, the s.w.r. is easily calculated: 

Yo + Ve 

ee a4 V- 

where Vo is the forward voltage and V, is the. 
reflected voltage. The forward voltage is equal 
to H/2 since ?g and Ry (the Zo of the line) are 
equal. It may be measured either by disconnect- 
ing /y, or shorting it. 


S.W.Rk. = 


Measuring Voltages 


For the s.w.r. formula above to apply with 
reasonable accuracy (particularly at high stand- 
ing-wave ratios) the current taken by the volt- 
meter must be inappreciable compared with the 
currents through the bridge ‘‘arms.’”’ The volt- 
meter used in bridge circuits employs a crystal 
diode rectifier (see discussion earlier in this 
chapter) and in order to meet the above require- 
ment — as well as to have linear response, which. 
is equally necessary for calibration purposes — 
should use a resistance of at least 10,000 ohms in 
series with the milhammeter or microammeter. 

Since the voltage applied to the line is measured 
by shorting or disconnecting Ry, (that is, the line 
input terminals), while the reflected voltage is 
measured with Ry connected, the load on the 
source of voltage E is different in the two meas- 
urements. If the regulation of the voltage source 
is not perfect, the voltage # will not remain the 
same under these two conditions. This can lead to 
large errors. Such errors can be avoided by using a 
second voltmeter to maintain a check on the 
voltage applied to the bridge, readjusting the 


Jy R3 Je 


OUT 


+ - + 
INPUT ae BRIDGE 
VM VM 
Fig. 21-38—Bridge circuit for s.w.r. measurements. This 
circuit is intended for use with a d.c. voltmeter, range 


5 to 10 volts, having a resistance of 10,000 ohms 
per volt or greater. 


Ci, Ce, €3, Coa —O.005- or 0.01-pf. disk ceramic. 

Ri, RR—47-ohm composition, Y2 or 1 watt. 

R3s—52- or 75-ohm (depending on line impedance) 
composition, %2 or 1 watt; precision type pre- 
ferred. 

Rs, Rs —10,000 ohms, 2 watt. 

J1, Jo—Coaxial connectors. 

Meter connects to either ‘input’ or "bridge”’ position 
as required. 


S.W.R. Bridges 


Fig. 21-39—A simple bridge circuit useful for impedance- 
matching in coaxial lines. 

Ci, Co—0.005- or 0.01-yf. disk ceramic. 

Ri, RR—47-ohm composition, Y2 watt. 

Rs—52- or 75-ohm (depending on line impedance) com- 

position, Y2 watt; precision type preferred. 

Rs—1000-ohm composition, Y2 watt. 

Ji, J2—Coaxial connector. 

The meter may be a O-1 milliammeter or d.c. volt- 
meter of any type having a sensitivity of 1000 ohm per 
volt or greater, and a full-scale range of 5 to 10 volts. 

Negative side of meter connects to ground. 


coupling to the voltage source to maintain con- 
stant applied voltage during the two measure- 
ments. Since the ‘“‘input’’ voltmeter is simply 
used as a reference, its linearity is not important, 
nor does its reading have to bear any definite 
relationship to that of the ‘‘bridge’’ voltmeter, 
except that its range has to be at least twice that 
of the latter. 

A practical circuit incorporating these features 
is given in Fig. 21-38. 

If the bridge is to be used merely for antenna 
adjustment, where the object is to secure the 
lowest possible s.w.r. rather than to measure the 
s.w.r. accurately, the voltmeter requirements are 
not stringent. In this case the object is to get as 
close to a “‘null”’ or balance (that is, zero reading) 
as possible. At or near exact balance the volt- 
meter impedance is not important. Neither is it 
necessary to maintain constant input voltage 
to the bridge. This simplifies the bridge circuit 
considerably, Fig. 21-39 being a practical example. 
The construction of a bridge of this type suitable 
for antenna and transmission line adjustments is 
shown in Fig. 21-40. 


Bridge Construction 


A principal point in the construction of an 
s.w.r. bridge is to avoid coupling between the 
resistors forming the bridge arms, and between 
the arms and the voltmeter circuit. This can be 
done by keeping the resistance arms separated 
and at right angles to each other, and by placing 
the crystal and its connecting leads so that 
the loop so formed is not in inductive rela- 
tionship with any loops formed by the bridge 
arms. Shielding between the bridge arms and the 
erystal circuit is helpful in reducing such cou- 
plings, although it is not always necessary. The 
two resistors forming the ‘‘ratio arms,” Ry and 
Rs, should have identical relationships with 
metal parts, to keep the shunt capacitances 


equal, and also should have.the same lead lengths 
so the inductances will balance. Leads enone be 
kept as short as possible. 


Testing and Calibration 


In a bridge intended for s.w.r. measurement 
(Fig. 21-38) rather than simple matching, the 
first. check is to apply just enough r.f. voltage, at 
the highest frequency to be used, so that the 
bridge voltmeter reads full scale with the load 
terminals open. Observe the input voltage, then 
short-circuit the load terminals and readjust the 
input to the same voltage. The bridge voltmeter 
should again register full scale. If it does not, the 
ratio arms, R; and Re, probably are not exactly 
equal. These two resistors should be carefully 
matched, although their actual value is not 
critical. If a similar test at a low frequency 
shows better balance, the probable cause is stray 
inductance or capacitance in one arm not bal- 
anced by equal strays in the other. 

After the “short” and “open” readings have 
been equalized, the bridge should be checked for 
null balance with a ‘‘dummy ”’ resistance, equal to 
the line impedance, connected to the load termi- 
nals. It is convenient to mount a half- or 1-watt 
resistor of the proper value in a coax connector, 
keeping it centered in the connector and using 
the minimum lead length. The bridge voltmeter 
should read zero at all frequencies. A reading 
above zero that remains constant at all fre- 
quencies indicates that the ““dummy”’ resistor is 


Fig. 21-40—An inexpensive bridge for matching ad- 
justments using the circuit of Fig. 21-39. It is built in a 
1% X 2% X 4-inch "Channel-lock” box. The standard 
resistor, R3, bridges the two coax connectors. A pin jack 
is provided for connection to the d.c. meter, 0-1 ma. or 


0-500 wa.; the meter negative can be connected to the 


case or to one of the coax fittings. 
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not matched to R3, while readings that vary with 
frequency indicate stray reactive effects or stray 
coupling between parts of the bridge. 

When the operation is satisfactory on the two 
points just described, the null should be checked 
with the dummy resistor connected to the bridge 
through several different lengths of transmission 
line, to ensure that R3 actually matches the line 
impedance. If the null is not complete in this test 
both the dummy resistor and F3 will have to be 
adjusted until a good match is obtained. With 
care, composition resistors can be filed down to 
raise the resistance, so it is best to start with re- 
sistors somewhat low in value. With each change 
in Rs, adjust the dummy resistor to give a good 
null when connected directly to the bridge, then 
try it at the end of several different lengths of 
line, continuing until the null is satisfactory under 
all conditions of line length and frequency. 

With a high-impedance voltmeter, the s.w.r. 
readings will closely approximate the theoretical 
curve of Fig. 21-41. The calibration can be 
checked by using composition resistors as loads. 


STANDING-WAVE RATIO 


04 06 
METER READING 


Fig. 21-41 —Standing-wave ratio in terms of meter read- 
ing (relative to full scale) after setting forward voltage 
to full scale. 


Adjust the transmitter coupling so that the bridge 
voltmeter reads full scale with the output termi- 
nals open, and then check the input voltage. 
Connect various values of resistance across the 
output terminals, making sure that the input 
voltage is readjusted to be the same in each case, 
and note the reading with the meter in the bridge 
position. This check should be made at a low 
frequency such as 3.5 Mc. in order to minimize 
the effect of reactance in the resistors. The s.w.r. 
is given by 
Sipe 

Wale ee or Ri 
where Ro is the line impedance for which the 
bridge has been adjusted to null, and Ry is 
the resistance used as a load. Use the formula 
that places the larger of the two resistances in 
the numerator. If the readings do not correspond 
exactly for the same s.w.r. when appropriate 
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resistors above and below the line impedance for 
which the bridge is designed are used, a possible 
reason is that the current taken by the volt- 
meter is affecting the measurements. 


Using the Bridge 


The operating procedure is the same whether 
the bridge is used for matching or for s.w.r. meas- 
urement. Apply power with the load terminals 
either open or shorted, and adjust the input until 
the bridge voltmeter reads full scale. Because the 
bridge operates a very low power level it may be 
necessary to couple it to a low-power driver stage 
rather than to the final amplifier. Alternatively, 
the plate voltage and excitation for the final 
amplifier may be reduced to the point where the 
power output is of the order of a few watts. Then 
connect the load and observe the voltmeter read- 
ing. For matching, adjust the matching network 
until the best possible null is obtained. For s.w.r. 
measurement, note the r.f. input voltage to the 
bridge after adjusting for full-scale with the load 
terminals open or shorted, then connect the load. 
and readjust the transmitter for the same input 
voltage. The bridge voltmeter then indicates the 
standing-wave ratio as given by Fig. 21-41. 

Antenna systems are in general resonant sys- 
tems and thus exhibit a purely-resistive imped- 
ance at only one frequency or over a small band 
of frequencies. In making bridge measurements, 
this will cause errors if the r.f. energy used to 
operate the bridge is not free from harmonics and 
other spurious components, such as frequencies 
lower than the desired operating frequency that 
may be fed through the final amplifier from a 
frequency-doubler stage. When a good null can- 
not be secured in, for example, the course of ad- 
justing a matching section for 1-to-1 s.w.r., a 
check should be made to ensure that only the 
desired measurement frequency is present. An 
indicating-type absorption frequency meter cou- 
pled to the load usually will show whether energy 
on undesired frequencies is present in significant 
amounts. If so, additional selectivity must be 
used between the source of power and the meas- 
uring circuit. 


Bridge for Monitoring S.W.R. 


The low power level at which resistance-type 
bridges must operate is a disadvantage when the 
bridge is used as an operating adjunct —e.g., 
for the adjustment of matching circuits when 
changing bands, or for readjustment of such 
circuits within a band. For this purpose a bridge 
is needed that will carry the full power output of 
the transmitter without absorbing an appre- 
ciable fraction of it. 

The ‘“‘Monimatch” shown in Figs. 21-42 to 
21-44, inclusive, is such a device. It makes use 
of the combined effects of inductive and capaci- 
tive coupling between the center conductor of a 
coaxial line and a length of wire parallel to it. 
When the coupled wire is properly terminated 
in a resistance, the voltage induced in it by power 
travelling along the line in one direction will be 
balanced out in the crystal-rectifier r.f. voltmeter 


The Monimatch 


Fig. 21-42—The Monimatch, an s.w.r. monitor that can be 
left in the line at all times. The unit shown here 
will handle a kilowatt. 


circuit, but power travelling along the line in the 
opposite direction will cause a voltmeter indica- 
tion. If the bridge is adjusted to match the Zo of 
the coaxial line being used, the voltmeter will 
respond only to the reflected voltage, just as in 
the case of the resistance-type bridges. The power 
consumed in the bridge is below one watt, even 
at the maximum power permitted amateur 
transmitters. 

The circuit of Fig. 21-43 uses a d.p.d.t. switch 
to exchange the voltmeter and the terminating 
resistance, so that either the forward or reflected 
voltage can be measured. The sensitivity of this 
type of bridge is proportional to frequency, so 
higher power is required for a given voltmeter 
deflection at low than at high frequencies. The 
sensitivity also increases with an increase in 
pickup length, but this should not be longer than 
about 1/20 wavelength, to avoid standing-wave 
effects in the pick-up circuit. For higher frequen- 
cies the length should be decreased in proportion 
to the wavelength. This reduces the sensitivity 
considerably at the lower frequencies, so it is 
advisable to make separate units for v.h.f. and 
the frequencies below 30 Mc. 

The additional conductor in the bridge shown 
in the photographs is a length of No. 20 enameled 
wire running under 8 inches of the RG-8/U 
shield. The length of the RG-8/U is 14 inches. To 
insert the No. 20 wire under the cable shield, 
first loosen the braid by bunching it from the ends 
toward the center. Punch the two small holes for 
the wire and then snake the wire through one 
hole, under the braid, and out the other hole. 


Next, smooth out the braid to its original length, 
being careful not to apply so much pressure that 
the enamel on the wire is scratched. Check with 
an ohmmeter to make sure the wire and braid are 
not short circuited. There are several types of 
enameled wire (e.g., Formvar, Nylclad) that have 
an extremely tough covering, and the use of one 
of these is recommended. The covering is some- 
what difficult to remove for soldering, but the use 
of the wire will insure against an inadvertent 
short-circuit to the outer conductor of the coaxial 
line. 

It is important when assembling and wiring the 
Monimatch that good symmetry be maintained. 
Each end of the length of RG-8/U should be 
connected in the same way, with at least two 
connections made between the outer conductor 
and the coaxial connectors (see Fig. 21-44). The 
ground connection for R; and for the 0.001-yf. 
capacitor should be the midpoint on the outer 
conductor of the RG-8/U. The outer conductor 
is connected to the chassis only at J; and J; 
the cable is stiff enough to be self-supporting 
and can be dressed away from the chassis at 
other points. 

A dummy antenna of the same resistance as the 
Z. of the line should be used to adjust Ry (Fig. 
21-43). Make the connecting leads as short as 
possible. Only 30 or 40 watts will be required at 
21 and 28 Mc. to give close to full-scale deflection, 
and a dummy load capable of handling this power 
for a short time can be made from 13 680-ohm 
1-watt resistors in parallel. (See “V.H.F. Dummy 
Loads,”’ QST,, March, 1960.) Try several different 
33-ohm resistors (with slightly different d.c. 
resistances) at Ri, and use the one that gives a 
minimum reading with S; at “REF” when nearly 
a full-scale reading can be obtained with S, at 
For. A final test on the Monimatch is to reverse 
the transmitter and load connections; a good 
minimum should be obtained with S; at For. 


Fig. 21-43—Wiring diagram of the Monimatch. 


Ji, J2a—SO-239 coaxial receptacle. 

Ri—Nominally 33 ohms. See text for adjustment procedure. 

S:—4.p.d.t. rotary switch (2 poles used). (Centralab 1409) 

Wi—14-inch length of RG-8/U with length of No. 20 
enam. inserted under outer conductor. See text. 
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It is possible to generate harmonics in the 
voltmeter of sufficient intensity to cause TVI. 
If TVI is a problem, a low-pass filter should be 
connected in the line between the Monimatch 
and the antenna coupler or antenna. In many 
cases an antenna coupler will have sufficient 
selectivity to reject the harmonics. 


Impedance Bridge 


The bridge shown in Figs. 21-45 to 21-47, in- 
clusive, uses the basic circuit of Fig. 21-37B and 
incorporates a ‘differential’? capacitor to obtain 
an adjustable ratio. When a resistive load of un- 
known value is connected in place of Ry, the 
C;/C2 ratio may be varied to attain a balance, as 
indicated by a null reading. The capacitor settings 
can be calibrated in terms of resistance at Rr, 
so the unknown value can be read off the cali- 
bration. 

The differential capacitor consists of two iden- 
tical capacitors on the same shaft, arranged so 
that when the shaft is rotated to increase the 
capacitance of one unit, the capacitance of the 
other decreases. The practical circuit of the 
bridge is given in Fig. 21-46. Satisfactory opera- 
tion hinges on observing the same constructional 
precautions as in the case of the s.w.r. bridge. 
Although a high-impedance voltmeter is not 
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Fig. 21-44—Rear view of Monimatch 
with cane-metal cover removed. To 
maintain symmetry, the terminating re- 
sistor Ri and the crystal diode are con- 
nected to the midpoints of the leads 
between Sia and Sip, and Ri and C; 
are grounded to the center of the 
coaxial-line outer conductor via the 
heavy wire running across the variable 
resistor. The outer conductor of the 
coaxial line is connected to the chassis 
only at Ji and Jo, and two connections 
ore made in each case. 


Fig. 21-45—An RC bridge for measuring unknown values 

of impedance. The bridge operates at an r.f. input 

voltage level of about 5 volts. The aluminum box is 
3 by 4 by 5 inches. 
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essential, since the bridge is always adjusted for 
a null, the use of such a voltmeter is advisable 
because its better linearity makes the actual 
null settings more accurately observable. 

With the circuit arrangement and capacitor 
shown, the useful range of the bridge is from 
about 5 ohms to 400 ohms. The calibration is 
such that the percentage accuracy of reading is 
approximately constant at all parts of the scale. 
The midscale value is in the range 50-75 ohms, 
to correspond to the Zo of coaxial cable. The 
reliable frequency range of the bridge includes all 
amateur bands from 3.5 to 54 Me. 


Checking and Calibration 


A bridge constructed as shown in the photo- 
graphs should show a complete null at all fre- 
quencies within the range mentioned above when 
a 50-ohm ‘‘dummy” load of the type described 
earlier in connection with the s.w.r. bridge is 
connected to the load terminals. The bridge may 
be calibrated by using a number of 14-watt 
5% tolerance composition resistors of different 
values in the 5-400 ohm range as loads, in each 
case balancing the bridge by adjusting C, for a 
null reading on the meter. The leads between 
the test resistor and J» should be as short as 
possible, and the calibration preferably should 
be done in the 3.5-Mc. band where stray in- 
ductance and capacitance will have the least 
effect. 


Using the Bridge 


Strictly speaking, a simple bridge can measure 
only purely resistive impedances. When the load 
is a pure resistance, the bridge can be balanced 
to a good null (meter reading zero). If the load 
has a reactance component the null will not be 
complete; the higher the ratio of reactance to 
resistance in the load the poorer the null reading. 
The operation of the bridge is such that when 
an exact null cannot be secured, the readings 
approximate the resistive component of the load 
for very low values of impedance, and approxi- 
mate the total impedance at very high values of 
impedance. In the mid-range the approximation 
to either is poor, for loads having considerable 
reactance. 

In using the bridge for adjustment of matching 
networks C; is set to the desired value (usually 
the Zo of the coaxial line) and the matching net- 
work is then adjusted for the best possible null. 


Fig. 21-46—Circuit of the impedance 
bridge. Resistors are composition, Ya 
watt except as noted. Fixed capaci- 
tors are ceramic. 
C:—Differential capacitor, 11-16] 
wut. per section (Millen 
28801). 


CRi—Germanium diode (1N34, 
1N48, etc.). 
Ji, J2—Coaxial connectors, chassis 


type. 
Mi—0-500 microammeter. 


@ PARALLEL-CONDUCTOR LINES 


Bridge measurements made directly on paral- 
lel-conductor lines are frequently subject to 
considerable error because of ‘‘antenna”’ currents 
flowing on such lines. These currents, which are 
either induced on the line by the field around the 
antenna or coupled into the line from the trans- 
mitter by stray capacitance, are in the same 
phase in both line wires and hence do not balance 
out like the true transmission-line currents. They 
will nevertheless actuate the bridge voltmeter, 
causing an indication that has no relationship to 
the standing-wave ratio. 


S.W.R. Measurements 
The effect of ‘‘antenna” currents on s.w.r. 


Fig. 21-47—AlIl components except the meter are 
mounted on one of the removable sides of the box. The 
variable capacitor is mounted on an L-shaped piece of 
aluminum (with half-inch lips on the inner edge for bolting 
to the box side) 2 inches wide, 2% inches high and 2% 
inches deep, to shield the capacitor from the other com- 
ponents. The terminals project through holes as shown, 
with associated components mounted directly on them 
and the load connector, Je. Since the rotor of C; must not 
be grounded, the capacitor is operated by an extension 
shaft and insulated coupling. 

The lead from Ji to Cia should go directly from the 
input connector to the capacitor terminal (lower right) to 
which the 68-ohm resistor is attached. The 4700-ohm 
resistor is soldered across Ji. 
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measurements can be largely overcome by using 
a coaxial bridge and coupling it to the parallel- 
conductor line through a properly designed 
impedance-matching circuit. A suitable circuit 
is given in Fig. 21-48. An antenna coupler can be 
used for the purpose. In the balanced tank circuit 
the “‘antenna”’ or parallel components on the line 
tend to balance out and so are not passed on to 
the s.w.r. bridge. It is essential that L; be coupled 
to a “cold” point on Ly to minimize capacitive 
coupling, and also desirable that the center of Le 
be grounded to the chassis on which the circuit is 
mounted. Values should be such that LeC> can be 
tuned to the operating frequency and that Ly pro- 
vides sufficient coupling, as described in the trans- 
mission-line chapter. The measurement procedure 
is as follows: 

Connect a noninductive (14- or 1-watt carbon) 
resistor, having the same value as the charac- 
teristic impedance of the parallel-conductor line, 
to the “line”? terminals. Apply r.f. to the bridge, 
adjust the taps on Le (keeping them equidistant 


Fig. 21-48—Circuit for using coaxial s.w.r. bridge for 

measurements on parallel-conductor lines. Values of cir- 

cuit components are idential with those used for the similar 

“‘antenna-coupler” circuit discussed in the chapter on 
transmission lines. 


from the center), while varying the capacitance of 
C, and C2, until the bridge shows a null. After the 
null is obtained, do not touch any of the circuit 
adjustments. Next, short-circuit the “line”’ ter- 
minals and adjust the r.f. input until the bridge 
voltmeter reads full scale. Remove the short- 
circuit and test resistor, and connect the regular 
transmission line. The bridge will then indicate 
the standing-wave ratio on the line. 

The circuit requires rematching, with the test 
resistor, whenever the frequency is changed 
appreciably. It can, however, be used over a 
portion of an amateur band without readjust- 
ment, with negligible error. 


Impedance Measurements 


Measurements on parallel-conductor lines and 
other balanced loads can be made with the im- 
pedance bridge previously described by using a 
balun of the type shown sche- 
matically in Fig. 21-49. This is 


Fig. 21-50—Balun construction 
(W2ZE). 150-ohm Twin-Lead may 
be used for the bifilar winding in 
place of the ordinary wire shown. 
Symmetrical construction with tight 
coupling between the two coils is 
essential to good performance. 
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Fig. 21-49—Tuned balun for coupling between balanced 

and unbalanced lines. Li and Le should be built as a bi- 

filar winding to get as tight coupling as possible between 
them. Typical constants are as follows: 


Freq., Mc. | Li, Lo Ci Cz 
28 3 turns each on 2-inch| 4 uyf. 420 uuf. 
form, equally 
spaced over 76 
inch, total. 


14 Same as 28 Mc. 


39 put. | 0.0015 uf. 
0.001 pf. 


7 8 turns of 150-ohm | None 

| Twin-Lead, no 
spacing between 
turns, on 234-inch 


dia. form. 


3.5 | Sameas7 Mc. 62 uf. | 0.0045 pf. 


Capacitors in unit shown in Fig. 21-50 are NPO disk 
ceramic. Units may be paralleled to obtain proper ca- 
pacitance. 


an autotransformer having a 2-to-1 turns ratio 
and thus provides a 4-to-1 step-down in imped- 
ance from a balanced load to the output circuit 
of the bridge, one side of which is grounded. 
L, and L2 must be as tightly coupled as possible, 
and so should be constructed as a bifilar winding. 
The circuit is resonated to the operating fre- 
quency by Cj, and (>, serves to tune out any 
residual reactance that may be present because 
the coupling between the two coils is not quite 
perfect. 

Fig. 21-50 shows one method of constructing 
such a balun. The two interwound coils are made 
as nearly identical as possible, the “finish”? end 
of the first being connected to the “start”? end 
of the second through a short lead running under 
the winding inside the form. The center of this 
lead is tapped to give the connection to the shell 
side of the coax connector. C; should be chosen 
to resonate the circuit at the center of the band 
for which the balun is designed with J1 open, and 
C2 should resonate the circuit to the same fre- 
quency with both J; and the “load” terminals 
shorted. The frequency checks may be made with 
a grid-dip meter. (For further details, see QST’ 
for August, 1955.) 


S.W.R. Measurements 


With the balun in use the bridge is operated in 
the same way as previously described, except that 
all impedance readings must be multiplied by 4. 
The balun also may be used for s.w.r. measure- 
ments on 300-ohm line in conjunction with a 
resistance bridge designed for 75-ohm coaxial line. 


The ‘‘Twin-Lamp’”’ 


A simple and inexpensive standing-wave 
indicator for 300-ohm line is shown in Fig. 
21-51. It consists only of two flashlight lamps 
and a short piece of 300-ohm line. When laid flat 
against the line to be checked, the coupling is 
such that outgoing power on the line causes the 
lamp nearest to the transmitter to light, while 
reflected power lights the lamp nearest the load. 
The power input to the line should be adjusted 
to make the lamp nearest the transmitter light 
to full brilliance. If the line is properly matched 


Fig. 21-51—The “twin-lamp” standing-wave indicator 
mounted on 300-ohm Twin-Lead. Scotch tape is used 
for fastening. 


Trans. 
Line 


Fig. 21-52—Wiring diagram of the “twin-lamp” stand- 
ing-wave indicator. 


and the reflected power is very low, the lamp 
toward the antenna will be dark. If the s.w.r. is 
high, the two lamps will glow with practically 
equal brilliance. 

The length of the piece of 300-ohm line needed 
in the twin-lamp will depend on the transmitter 
power and the operating frequency. A few inches 
will suffice with high power at high frequencies, 
while a foot or two may be needed with low power 
and at low frequencies. 

In constructing the twin-lamp, cut one wire in 
the exact center of the piece and peel the ends 
back on either side just far enough to provide 
leads to the flashlight lamps. Remove about 14 
inch of insulation from one wire of the main 
transmission line at some convenient point. Use 
the lowest-current flashlight bulbs or dial lamps 
available. Solder the tips of the bulbs together 
and connect them to the bare point in the trans- 
mission line, then solder the ends of the cut por- 
tion of the short piece to the shells of the bulbs. 
Figs. 21-51 and -52 should make the construc- 
tion clear. 

The twin-lamp will respond to “antenna” cur- 
rents on the transmission line in much the same 
way as the bridge circuits discussed earlier. There 
is therefore always a possibility of error in its in- 
dications, unless it has been determined by other 
means that “antenna” currents are inconsequen- 
tial compared with the true transmission-line 
current. 


The Oscilloscope 


The cathode-ray oscilloscope gives a visual 
representation of signals at both audio and radio 
frequencies and can therefore be used for many 
types of measurements that are not possible with 
instruments of the types discussed earlier in this 
chapter. In amateur work, one of the principal 
uses of the scope is for displaying an amplitude- 
modulated signal so a phone transmitter can be 
adjusted for proper modulation and continu- 
ously monitored to keep the modulation percent- 
age within proper limits. For this purpose a very 
simple circuit will suffice, and a typical circuit is 
described later in this section. 

The versatility of the scope can be greatly in- 
creased by adding amplifiers and linear deflection 
circuits, but the design and adjustment of such 
circuits tends to be complicated if optimum per- 
formance is to be secured, and is somewhat out- 
side the field of this section. Special components 
are generally required. Oscilloscope kits for home 
assembly are available from a number of suppliers, 
and since their cost compares very favorably 


with that of a home-built instrument of com- 
parable design, they are recommended for serious 
consideration by those who have need for or are 
interested in the wide range of measurements 
that is possible with a fully-equipped scope. 


@ CATHODE-RAY TUBES 


The heart of the oscilloscope is the cathode- 
ray tube, a vacuum tube in which the electrons 
emitted from a hot cathode are first accelerated 
to give them considerable velocity, then formed 
{nto a beam, and finally allowed to strike a 
special translucent screen which fluoresces, or 
gives off light at the point where the beam 
strikes. A beam of moving electrons can be moved 
laterally, or deflected, by electric or magnetic 
fields, and since its weight and inertia are neg- 
ligibly small, it can be made to follow instantly 
the variations in periodically-changing fields at 
both audio and radio frequencies. 

The electrode arrangement that forms the 
electrons into a beam is called the electron gun. 
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Fig. 21-53—Typical construction for a cathode-ray tube of the electrostatic-deflection type. 


In the simple tube structure shown in Fig. 
21-53, the gun consists of the cathode, grid, 
and anodes Nos. 1 and 2. The intensity of the 
electron beam is regulated by the grid in the 
Same way as in an ordinary tube. Anode No. 1 
is operated at a positive potential with respect 
to the cathode, thus accelerating the electrons 
that pass through the grid, and is provided 
with small apertures through which the elec- 
tron stream passes. On emerging from the 
apertures the electrons are traveling in practi- 
cally parallel straight-line paths. The electro- 
static fields set up by the potentials on anode 
No. 1 and anode No. 2 form an electron lens 
system which makes the electron paths con- 
verge or focus to a point at the fluorescent screen. 
The potential on anode No. 2 is usually fixed, 
while that on anode No. 1 is varied to bring the 
beam into focus. Anode No. 1 is, therefore, called 
the focusing electrode. 

Electrostatic deflection, the type generally 
used in the smaller tubes, is produced by de- 
flecting plates. Two sets of plates are placed at 
right angles to each other, as indicated in Fig. 
21-53. The fields are created by applying suit- 
able voltages between the two plates of each 
pair. Usually one plate of each pair is connected 
to anode No. 2, to establish the polarities of 
the vertical and horizontal fields with respect 
to the beam and to each other. 


Formation of Patterns 

When periodically-varying voltages are ap- 
plied to the two sets of deflecting plates, the 
path traced by the fluorescent spot forms a 
pattern that is stationary so long as the ampli- 
tude and phase relationships of the voltages 
remain unchanged. Fig. 21-54 shows how one 
such pattern is formed. The horizontal sweep 
voltage is assumed to have the “sawtooth” 
waveshape indicated. With no voltage applied 
to the vertical plates the trace simply sweeps 
from left to right across the screen along the 
horizontal axis X-X’ until the instant H is 
reached, when it reverses direction and snaps 
back to the starting point. The sine-wave voltage 
applied to the vertical plates similarly would 
trace a line along the axis Y-Y’ in the absence 
of any deflecting voltage on the horizontal 
plates. However, when both voltages are pres- 
. ent the position of the spot at any instant 
depends upon the voltages on both sets of 
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plates at that instant. Thus at time B the 
horizontal voltage has moved the spot a short 
distance to the right and the vertical voltage 
has similarly moved it upward, so that it 
reaches the actual position B’ on the screen. 
The resulting trace is easily followed from the 
other indicated positions, which are taken at 
equal time intervals. 


Types of Sweeps 


A sawtooth sweep-voltage wave shape, such 
as is shown in Fig. 21-54, is called a linear 
sweep, because the deflection in the horizontal 
direction is directly proportional to time. If 
the sweep were perfect the fly-back time, or 
time taken for the spot to return from the end 
(H) to the beginning (J or A) of the horizontal 
trace, would be zero, so that the line HJ would 
be perpendicular to the axis Y-Y’. Although 
the fly-back time cannot be made zero in prac- 
ticable sweep-voltage generators it can be 
made quite small in comparison to the time of 
the desired trace AH, at least at most frequen- 
cies within the audio range. The line H’I’ is 
called the return trace; with a linear sweep it is 
less brilliant than the pattern, because the spot is 
moving much more rapidly during the fly-back 
time than during the time of the main trace. 

The linear sweep shows the shape of the wave 


Fig. 21-54—A.c.- 
voltage waveshape 
as viewed on an os- 
cilloscope screen, 
showing the forma- 
tion of the pattern 
from the horizontal 
(sawtooth) and ver- 
tical sweep voltages. 
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in the same way that it is usually represented 
graphically. If the period of the a.c. voltage ap- 
plied to the vertical plates is considerably less than 
the time taken to sweep horizontally across the 
screen, several cycles of the vertical or “signal” 
voltage will appear in the pattern. 

For many amateur purposes a satisfactory 
horizontal sweep is simply a 60-cycle voltage 
of adjustable amplitude. In modulation moni- 
toring (described in the chapter on amplitude 
modulation) audio-frequency voltage can be 
taken from the modulator to supply the horizon- 
tal sweep. For examination of audio-frequency 
wave forms, the linear sweep is essential. Its fre- 
quency should be adjustable over the entire 
range of audio frequencies to be inspected on the 
oscilloscope. 

Lissajous Figures 

When sinusoidal a.c. voltages are applied 
to the two sets of deflecting plates in the os- 
cilloscope the resultant pattern depends on 
the relative amplitudes, frequencies and phase 


of the two voltages. If the ratio between the. 


two frequencies is constant and can be expressed 
in integers a stationary pattern will be produced. 
This makes it possible to use the oscilloscope for 
determining an unknown frequency, provided a 
variable frequency standard is available, or for 
determining calibration points for a variable- 
frequency oscillator if a few known frequencies 
are available for comparison. 

The stationary patterns obtained in this 
way are called Lissajous figures. Examples 
of some of the simpler Lissajous figures are 
given in lig. 21-55. The frequency ratio is found 
by counting the number of loops along two adja- 
cent edges. Thus in the third figure from the 
top there are three loops along a horizontal 
edge and only one along the vertical, so the 
ratio of the vertical frequency to the horizontal 
frequency is 3 to 1. Similarly, in the fifth 
figure from the top there are four loops along 
the horizontal edge and three along the ver- 
tical edge, giving a ratio of 4 to 3. Assuming 
that the known frequency is applied to the 
horizontal plates, the unknown frequency is 


where f; = known frequency applied to hori- 

zontal plates, 

fo = unknown frequency applied to ver- 
tical plates, 

ni = number of loops along a vertical 
edge, and 

n2 = number of loops along a horizontal 
edge. 


An important application of Lissajous fig- 
ures is in the calibration of audio-frequency 
signal generators. For very low frequencies the 
60-cycle power-line frequency is held accurately 
enough to be used as a standard in most localities. 
The medium audio-frequency range can be cov- 
ered by comparison with the 440- and 600-cycle 
modulation on the WWYV transmissions. An 
oscilloscope having both horizontal and vertical 
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Fig. 21-55—Lissajous figures and corresponding fre- 
quency ratios for a 90-degree phase relationship between 
the voltages applied to the two sets of deflecting plates. 


amplifiers is desirable, since it is convenient to 
have a means for adjusting the voltages applied 
to the deflection plates to secure a suitable pat- 
tern size. It is possible to calibrate over a 10- 
to-1 range, both upwards and downwards, from 
each of the latter frequencies and thus cover the 
audio range useful for voice communication. 


Basic Oscilloscope Circuit 
The essential oscilloscope circuit is shown in 


Fig. 21-56—Oscilloscope circuit for modulation moni- 

toring. Constants are for 1500- to 2500-volt h.v. supply. 

For 1000-1500 volts, omit Rs and connect the bottom 

end of R7 to the top end of Ro. 

Ci-Cs, inc. —3000-volt disk ceramic. 

Ri, Re, Ro, Rii— Volume-control type, linear taper. 

Ra, Ra, Rs Re, Rio—V2 wett. 

R7, Rs—1 watt. 

Vi—Electrostatic-deflection cathode-ray tube, 2- fo 5- 
inch. See tube tables for base connections and 
heater ratings of type chosen. 
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Fig. 21-56. The minimum requirements are sup- 
plying the various electrode potentials, plus con- 
trols for focusing and centering the spot on the 
face of the tube and adjusting the spot intensity. 
The circuit of Fig. 21-56 can be used with electro- 
static-deflection tubes from two to five inches in 
face diameter, with voltages up to 2500. This in- 
cludes practically all the types popular for small 
oscilloscopes. 

The circuit has provision for introducing signal 
voltages to the two sets of deflecting plates. 
Either set of deflecting electrodes (D,D2, or 
D3D4) may be used for either horizontal or verti- 
cal deflection, depending on how the tube is 
mounted. 

The high voltage may be taken from a trans- 
mitter power supply if desired. The current is 
only a milliampere or so. The voltage preferably 
should be constant, such as is obtained from a 
supply having a constant load — e.g., the supply 
for the Class C amplifier in an a.m. transmitter. 

In the circuit of Fig. 21-56 the centering con- 
trols are at the full supply voltage above ground 
and therefore should be carefully insulated by 
being mounted on bakelite or similar materia! 
rather than directly on a metal panel or chassis. 
Insulated couplings or extension shafts should be 
used. The focussing control is also several hun- 
dred volts above ground and should be similarly 
insulated. 

The tube should be protected from stray mag- 
netic fields, either by enclosing it in an iron or 
steel box or by using one of the special ¢.r. tube 
shields available. If the heater transformer (or 
other transformer) is mounted in the same cabi- 
net, care must be used to place it so the stray 
field around it does not deflect the spot. The spot 
cannot be focussed to a fine point when influ- 
enced by a transformer field. 


Modulation Monitoring 


The addition of Fig. 21-57 to the basic circuit 
of Fig. 21-56 provides all that is necessary for 
modulation checking. The r.f. from the trans- 
mitter is applied to the vertical plates through a 
tuned circuit £;Cy and link Ly. When adjusted to 
the transmitter operating frequency the tuned 
circuit furnishes ample deflection voltage even 
from a low-power transmitter, and C; can be 
used to control the pattern height. 

Deflection voltage for the horizontal plates 
can be taken from the modulation transformer 
secondary of an a.m. transmitter, or 60-cycle de- 
flection can be used to give a wave-envelope type 
pattern. In either case a maximum of about 200 
volts r.m.s. will give full-width deflection. This 
voltage is almost independent of the size of c.r. 
tube used. Methods of using such a scope for 
modulation checking are described in the chapter 
on amplitude modulation. 
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Fig. 21-57—Circuits for supplying r.f., audio, and a.c. 
voltages to oscilloscope deflection plates for modulation 
monitoring. 

Ci:—100-yuzf. variable, receiving type. 
lLi—1.75 Mc.: 30 enam. close-wound on 1-inch form, 
coil length % inch. 
3.5-8 Mc.: 30 turns No. 22 enam., close-wound on 
1-inch form. 
13-30 Mc.; 7 turns No. 22, spread to % inch length ° 
on |-inch form. 
lo—2 or more turns, as required for sufficient coupling, 
at cold end of Li. 
Ri—Volume control, 0.25 megohm or more. 
Si—D.p.d.t. switch. 
Ti1—Interstage audio transformer, any type. Use second- 
ary-to-primary turns ratio of 1-to-1 to 2-to-1. 


Frequency Limitations of Oscilloscopes 


Most commercial or kitted oscilloscopes in- 
clude vacuum-tube amplifiers between the input 
terminals and the deflection plates, to increase 
the sensitivity and usefulness of the instrument. 
Depending upon the construction of the ampli- 
fiers, their useful frequency range may be only as 
high as several hundred ke., although more ex- 
pensive instruments will include amplifiers that 
work in the megacycle range. The operator should 
acquaint himself with the frequency limitations 
of the ’scope through study of the specifications, 
since attempts to pass, e.g., a 450-ke. i.f. signal 
through an amplifier that cuts off at 100 ke. are 
doomed to failure. No such frequency limits ap- 
ply when the connection is made directly to the 
deflection plates, and consequently r.f. at 20 to 
30 Me. can be applied by the method shown in 
Fig. 21-57. A practical limitation will be found 
when r.f. from the vertical plates is (stray) 
capacitively coupled to the horizontal-deflection 
plates; this will show as a thickening of the trace. 
In some instances it can be reduced by r.f. 
bypassing of the horizontal deflection plates. 


CHAPTER 22 


Assembling a 


Station 


The actual location inside the house of the 
“shack” —the room where the transmitter 
and receiver are located — depends, of course, 
on the free space available for amateur activi- 
ties. Fortunate indeed is the amateur with a 
separate room that he can reserve for his hobby, 
or the few who can have a special small building 
separate from the main house. However, most 
amateurs must share a room with other domestic 
activities, and amateur stations will be found 
tucked away in a corner of the living room, a 
bedroom, a large closet, or even under the kitchen 
stove! A spot in the cellar or the attic can almost 
be classed as a separate room, although it may 
lack the “‘finish”’ of a normal room. 

Regardless of the location of the station, 
however, it should be designed for maximum 
operating convenience and safety. It is foolish 
to have the station arranged so that the throw- 
ing of several switches is required to go from 
“receive” to ‘‘transmit,”’ just as it is silly to 
have the equipment arranged so that the op- 
erator is in an uncomfortable and cramped 
position during his operating hours. The rea- 
son for building the station as safe as possible 
is obvious, if you are interested in spending a 
number of years with your hobby! 


@ CONVENIENCE 


The first consideration in any amateur 
station is the operating position, which in- 
cludes the operator’s table and chair and the 
pieces of equipment that are in constant use 


Here’s one way to build a console. Use 

a 4-foot X 4-foot X Y-inch piece of 

plywood for a center section, and a 

couple of 3-drawer chests for the end 

sections. This gives plenty of operating 

space in a small area. (W 5KSE, El Paso, 
Texas) 


(the receiver, send-receive switch, and key or 
microphone). The table should be as large as 
possible, to allow sufficient room for the re- 
ceiver or receivers, frequency-measuring equip- 
ment, monitoring equipment, control switches, 
and keys and microphones, with enough space 
left over for the logbook, a pad and pencil, and 
perhaps a large ash tray. Suitable space should 
be included for radiogram blanks and a call 
book, if these accessories are in frequent use. 
If the table is small, or the number of pieces of 
equipment is large, it is often necessary to build 
a shelf or rack for the auxiliary equipment, or 
to mount it in some less convenient location in 
or under the table. If one has the facilities, a 
semicircular ‘‘console” can be built of wood, or 
a simpler solution is to use two small wooden 
cabinets to support a table top of wood or 
Masonite. A flush-type door will make an excel- 
lent table top. Home-built tables or consoles can 
be finished in any of the available oil stains, 
varnishes, paints or lacquers. Many operators 
use a large piece of plate glass over part of their 
table, since it furnishes a good writing surface 
and can cover miscellaneous charts and tables, 
prefix lists, operating aids, calendar, and simi- 
lar accessories. 

If the major interests never require frequent 
band changing, or frequency changing within 
a band, the transmitter can be located some 
distance from the operator, in a location where 
the meters can be observed from time to time 
(and the color of the tube plates noted!). If 
frequent band or frequency changes are a part 
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of the usual operating procedure, the trans- 
mitter should be mounted close to the oper- 
ator, either along one side or above the re- 
ceiver, so that the controls are easily accessible 
without the need for leaving the operating 
position. 

A compromise arrangement would place the 
v.f.o. or crystal-switched oscillator at the op- 
erating position and the transmitter in some 
convenient location not adjacent to the op- 
erator. Since it is usually possible to operate 
over a portion of a band without retuning the 
transmitter stages, an operating position of this 
type is an advantage over one in which the 
operator must leave his position to make a 
change in frequency. 


Controls 


The operator has an excellent chance to 
exercise his ingenuity in the location of the op- 
erating controls. The most important controls 
in the station are the receiver tuning dial and 
the send-receive switch. The receiver tuning 
dial should be located four to eight inches 
above the operating table, and if this requires 
mounting the receiver off the table, a small 
shelf or bracket will do the trick. With the 
single exception of the amateur whose work is 
almost entirely in traffic or rag-chew nets, 
which require little or no attention to the re- 
ceiver, it will be found that the operator’s 
hand is on the receiver tuning dial most of the 
time. If the tuning knob is too high or too low, 
the hand gets cramped after an extended 
period of operating, hence the importance of 
a properly located receiver. The majority of 
c.w. operators tune with the left hand, pre- 
ferring to leave the right hand free for copying 
messages and handling the key, and so the 
receiver should be mounted where the knob 
can be reached by the left hand. Phone op- 
erators aren’t tied down this way, and tune the 
communications receiver with the hand that is 
more convenient. 

The hand key should be fastened securely 
to the table, in a line just outside the right 
shoulder and far enough back from the front 
edge of the table so that the elbow can rest on 
the table. A good location for the semiauto- 
matic or ‘‘bug”’ key is right next to the hand- 
key, although some operators prefer to mount 
the automatic key in front of them on the left, 
so that the right forearm rests on the table 
parallel to the front edge. 

The best location for the microphone is 
directly in front of the operator, so that he 
doesn’t have to shout across the table into it, 
or run up the speech-amplifier gain so high 
that all manner of external sounds are picked 
up. If the microphone is supported by a boom 
or by a flexible ‘‘goose neck,” it can be placed 
in front of the operator without its base taking 
up valuable table space. 

In any amateur station worthy of the name, 
it should be necessary to throw no more than 
one switch to go from the ‘‘receive” to the 
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“transmit”? condition. In phone stations, this 
switch should be located where it can be easily 
reached by the hand that isn’t on the receiver. 
In the case of c.w. operation, this switch is 
most conveniently located to the right or left 
of the key, although some operators prefer to 
have it mounted on the left-hand side of the 
operating position and work it with the left 
hand while the right hand is on the key. 
Hither location is satisfactory, .of course, and 
the choice depends upon personal preference. 
Some operators use a foot-controlled switch, 
which is a convenience but doesn’t allow too 
much freedom of position during long oper- 
ating periods. 

If the microphone is hand-held during 
phone operation, a ‘‘push-to-talk’”? switch on 
the microphone is convenient, but. hand-held 
microphones tie up the use of one hand and 
are not too desirable, although they are widely 
used in mobile and portable work. 

The location of other switches, such as those 
used to control power supplies, filaments, 
phone/c.w. change-over and the like, is of no 
particular importance, and they can be located 
on the unit with which they are associated. 
This is not strictly true in the case of the 
phone/e.w. DX man, who sometimes has need 
to change in a hurry from ec.w. to phone. In 
this case, the change-over switch should be 
at the operating table, although the actual 
change-over should be done by a relay controlled 
by the switch. 

If a rotary beam is used the control of the 
beam should be convenient to the operator. 
The direction indicator, however, can be located 
anywhere within sight of the operator, and does 
not have to be located on the operating table 
unless it is included with the control. 


Frequency Spotting 


In a station where a v.f.o. is used, or where a 
number of crystals are available, the operator 
should be able to turn on only the oscillator of — 
his transmitter, so that he can spot accurately 
his location in the band with respect to other 
stations. This allows him to see if he has any- 
thing like a clear channel, or to see what his fre- 
quency is with respect to another station. Such 
a provision can be part of the ‘‘send-receive”’ 
switch. Switches are available with a center 
“off” position, a “‘hold”’ position on one side, 
for turning on the oscillator only, and a “‘lock”’ 
position on the other side for turning on the 
transmitter and antenna relay. If oscillator 
keying is used, the key serves the same pur- 
pose, provided a ‘“‘send-receive” switch is 
available to turn off the high-voltage supplies 
and prevent a signal going out on the air during 
adjustment of the oscillator frequency. 

For phone operation, the telegraph key or 
an auxiliary switch can control the transmitter 
oscillator, and the ‘‘send-receive”’ switch can 
then be wired into the control system so as 
to control the oscillator as well as the other 
circuits. 


Controls 


Outlets 
as requité 


Outlets for filament 


To send-receive transtormers, as required 
switch OLE 
Send-Receive switch 


(0.0.1. for push-to-talk) 


Outlets as required for 
plate- transtormer primaries 


Red 
Pilot Lamp 


eho 
D.PS.T. switch 
if desired 


4 rite : 
reas. green Pilot Lamp 
1 we 


Plug into 
“US-Vvolé wall 
outlet 


(A) 


7o wall outleé 
or special 
"WS-volt line 


a ; 
DPS.T. switch 
If desire 


To wall outlet or 
Special 5 or 230 volt line 


vb ule" 
: DPS.T relay 


or switch 


(C) 


To power- relay 
outlet in B above 


Fig. 22-1—Power circuits for a high-power station. A shows the outlets for the receiver, monitoring equipment, speech 
amplifier and the like. The outlets should be mounted inconspicuously on the operating table. B shows the transmitter 
filament circuits and control-relay circuits, if the latter are used. C shows the plate-transformer primary circuits, controlled 
by the power relay. Where 230- and 115-volt primaries are controlled simultaneously, point ''X” should connect to the 
“neutral” or common. A heavy-duty switch can be used instead of the relay, in which case the antenna relay would 
be connected in circuit C. If 115-volt pilot lamps are used, they can be connected as shown. Lower-voliage lamps 
must be connected across suitable windings on transformers. With 'push-to-talk’’ operation, the ‘‘send-receive’’ switch 
can be a d.p.d.t. affair, with the second pole controlling the “on-off’’ circuit of the receiver. 


: Comfort 


Of prime importance is the comfort of the 
operator. If you find yourself getting tired 
after a short period of operating, examine 
your station to find what causes the fatigue. It 
may be that the chair is too soft or hasn’t a 
straight back or is the wrong height for you. 
The key or receiver may be located so that you 
assume an uncomfortable position while using 
them. If you get sleepy fast. the ventilation 
may be at fault. (Or you may need sleep!) 


@ POWER CONNECTIONS AND 
CONTROL 


Following a few simple rules in wiring your 
power supplies and control circuits will make 
it an easy job to change units in the station. If 
the station is planned in this way from the 
start, or if the rules are recalled when you are 
rebuilding, you will find it a simple matter to 
revise your station from time to time without a 
major rewiring job. 

It is neater and safer to run a single pair of 
wires from the outlet over to the operating table 
or some central point, rather than to use a 
number of adapters at the wall outlet. 


Interconnections 


The wiring of any station will entail two or 
three common circuits, as shown in Fig. 22-1. The 


circuit for the receiver, monitoring equipment 
and the like, assuming it to be taken from a wall 
outlet, should be run from the wall to an incon- 
spicuous point on the operating table, where it 
terminates in a multiple outlet large enough to 
handle the required number of plugs. A single 
switch between the wall outlet and the recepta- 
cle will then turn on all of this equipment at 
one time. 

The second common circuit in the station is 
that supplying voltage to rectifier- and trans- 
mitter-tube filaments, bias supplies, and any- 
thing else that is not switched on and off during 
transmit and receive periods. The coil power 
for control relays should also be obtained from 
this circuit. The power for this circuit can come 
from a wall outlet or from the transmitter line, 
if a special one is used. 

The third circuit is the one that furnishes 
power to the plate-supply transformers for the 
r.f. stages and for the modulator. (See chapter 
on Power Supplies for high-power considera- 
tions.) When it is opened, the transmitter is 
disabled except for the filaments, and the trans- 
mitter should be safe to work on. However, one 


always feels safer when working on the trans- 


mitter if he has turned off every power source. 

With these three circuits established, it be- 
comes a simple matter to arrange the station 
for different conditions and with new units. 
Anything on the operating table that runs all 
the time ties into the first circuit. Any new 
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power supply or r.f. unit gets its filament 
power from the second circuit. Since the third 
circuit is controlled by the send-receive switch 
(or relay), any power-supply primary that is to 
be switched on and off for send and receive 
connects to circuit C. 


Break-In and Push-To-Talk 

In c.w. operation, ‘‘break-in”’ is any system 
that allows the transmitting operator to hear 
the other station’s signal during the ‘‘key-up”’ 
periods between characters and letters. This 
allows the sending station to be “broken” by 
the receiving station at any time, to shorten 
ealls, ask for ‘‘fills’” in messages, and speed 
up operation in general. With present tech- 
niques, it requires the use of a separate receiv- 
ing antenna or a “‘t.r. box” and, with high power, 
some means for protecting the receiver from the 
transmitter when the key is “down.” Several 
methods, applicable to high-power stations, are 
described in Chapter Eight. If the transmitter is 
low-powered (50 watts or so), no special 
equipment is required except the separate re- 
ceiving antenna and a receiver that ‘‘recovers”’ 
fast. Where break-in operation is used, there 
should be a switch on the operating table to 
turn off the plate supplies when adjusting the 
oscillator to a new frequency, although during 
all break-in work this switch will be closed. 

‘‘Push-to-talk” is an expression derived 
from the ‘‘push” switch on some microphones, 
and it means a phone station with a single 
control for all change-over functions. Strictly 
speaking, it should apply only to a station 
where this single send-receive switch must be 
held in place during transmission periods, but 
anv fast-acting switch will give practically the 
same effect. A control switch with a center 
‘“‘off”’ position, and one “hold” and one “lock”’ 
position, will give more flexibility than a 
straight ‘‘push” switch. The one switch must 


control the transmitter power supplies, the re- 
ceiver ‘on-off’ circuit and, if one is used, the 
antenna change-over relay. The receiver control 
is necessary to disable its output during transmit 
periods, to avoid acoustic feedback. 
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: Ss witches and Relays 


It is dangerous to use an overloaded switch 
in the power circuits. After it has been used for 
some time, it may fail, leaving the power on the 
circuit even after the switch is thrown to the 
“off”? position. For this reason, large switches, 
or relays with adequate ratings, should be used 
to control the plate power. Relays are rated by 
coil voltages (for their control circuits) and by 
their contact current and voltage ratings. Any 
switch or relay for the power-control circuits of 
an amateur station should be conservatively 
rated; overloading a switch or relay is very poor 
economy. Switches rated at 20 amperes at 125 
volts will handle the switching of circuits at the 
kilowatt level, but the small toggle switches 
rated 3 amperes at 125 volts should be used only 
in circuits up to about 150 watts. 

When relays are used, the send-receive switch 
closes the circuits to their coils. The energized 
relays close the heavy-duty relay contacts. Since 
the relay contacts are in the power circuit being 
controlled, the switch handles only the relay- 
coil current. As a consequence, this switch can 
have a low current rating. 


@ SAFETY 


Of prime importance in the layout of the 
station is the personal safety of the operator 
and of visitors, invited or otherwise, during 
normal operating practice. If there are small 
children in the house, every step must be taken 
to prevent their accidental contact with power 
leads of any voltage. A locked room’is a fine idea, 
if it is possible, otherwise housing the transmitter 
and power supplies in metal cabinets is an excel- 
lent, although expensive, solution. Lacking a 
metal cabinet, a wooden cabinet or a wooden 
framework covered with wire screen is the next- 
best solution. Many stations have the power 
supplies housed in metal cabinets in the operating 
room or in a closet or basement, and this cabinet 
or entry is kept locked — with the key out of 
reach of everyone but the operator. The power 
leads are run through conduit to the transmitter, 
using ignition cable for the high-voltage leads. If 


This neat “‘built-in’’ installation features separate finals 
and exciters for each band, along with room for receiver, 
frequency meter, oscilloscope, Q multiplier and v.h.f. con- 
verter. All units are mounted on the three large panels; 
the panels are hinged at the bottom so that they can be 
lowered for service work on the individual units. A com- 
mon power supply is used, and band-changing consists 
of turning on the filaments in the desired r.f. section. 
(W9OVO, Sturgeon Bay, Wisc.) 


Safety 


the power supplies and transmitter are in the 
same cabinet, a lock-type main switch for the 
incoming line power is a good precaution. 

A simple substitute for a lock-type main switch 
is an ordinary line plug with a short connecting 
wire between the two pins. By wiring a female 
receptacle in series with the main power line in 
the transmitter, the shorting plug will act as the 
main safety lock. When the plug is removed and 
hidden, it will be impossible to energize the trans- 
mitter, and a stranger or child isn’t likely to spot 
or suspect the open receptacle. 

An essential adjunct to any station is a shorting 
stick for discharging any high voltage to ground 
before any work is done in the transmitter. Even 
if interlocks and power-supply bleeders are used, 
the failure of one or more of these components 
may leave the transmitter in a dangerous condi- 
tion. The shorting stick is made by mounting a 
small metal hook, of wire or rod, on one end of a 
dry stick or bakelite rod. A piece of ignition cable 
or other well-insulated wire is then run from 
the hook on the stick to the chassis or common 
ground of the transmitter, and the stick is hung 
alongside the transmitter. Whenever the power 
is turned off in the transmitter to permit work 
on the rig, the shorting stick is first used to 
touch the several high-voltage leads (plate r.f. 
choke, filter capacitor, tube plate connection, 
etc.) to insure that there is no high voltage at 
any of these points. This simple device has saved 

many a life. Use it! 


Fusing 


A minor hazard in the amateur station is the 
possibility of fire through the failure of a com- 


ponent. If the failure is complete and the com- _ 


ponent is large, the house fuses will generally 
blow. However, it is unwise and inconvenient to 
depend upon the house fuses to protect the lines 
running to the radio equipment, and every power 
supply should haveits primary circuit individually 


fused, at about 150 to 200 per cent of the maxi- 
mum rating of the supply. Circuit breakers can 
be used instead of fuses if desired. 

Wiring 

Control-circuit wires running between the 
operating position and a transmitter in another 
part of the room should be hidden, if possible. 
This can be done by running the wires under 
the floor or behind the base molding, bringing 
the wires out to terminal boxes or regular wall 
fixtures. Such construction, however, is gen- 
erally only possible in elaborate installations, 
and the average amateur must content himself 
with trying to make the wires as inconspicuous 
as possible. If several pairs of leads must be run 
from the operating table to the transmitter, as is 
generally the case, a single piece of rubber- or 
vinyl-covered multiconductor cable will always 
look neater than several pieces of rubber-covered 
lamp cord, and it is much easier to sweep around 
or dust. 

The antenna wires always present a problem, 
unless coaxial-line feed is used. Open-wire line 
from the point of entry of the antenna line should 
always be arranged neatly, and it is generally best 
to support it at several points. Many operators 
prefer to mount any antenna-tuning assemblies 
right at the point of entry of the feedline, together 
with an antenna changeover relay (if one is used), 
and then the link from the tuning assembly to 
the transmitter can be made of inconspicuous 
coaxial line. If the transmitter is mounted near 
the point of entry of the line, it simplifies the 
problem of ‘‘What to do with the feeders?”’ 


Lightning and Fire Protection 


The National Electrical Code (NFPA No. 70) 
adopted by the National Fire Protection Asso- 
ciation, although purely advisory as far as the 
NFPA is concerned, is of interest because it is 
widely used in law and for legal regulatory pur- 


A neat operating bench can be built from wood and covered with linoleum. There is enough room on the table shown 
here to house the transmitter, receiver, and numerous adjuncts and accessories. Interconnecting wiring is run behind the 
units or underneath the table. (W3AQN, York, Pa.) 
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poses. Article 810 deals with radio and television 
equipment, and Section C treats specifically 
amateur transmitting and receiving stations. 
Pertinent paragraphs are reprinted below: 


810-11. Material. Antenna and lead-in conductors shall 
be of hard-drawn copper, bronze, aluminum alloy, copper- 
clad steel or other high-strength, corrosion-resistant ma- 
terial. Soft-drawn or medium-drawn copper may be used 
for lead-in conductors where the maximum span between 
points of support is less than 35 feet. 

810-12. Supports. Outdoor antenna and lead-in conduc- 
tors shall be securely supported. They shall not be attached 
to poles or similar structures carrying electric light or power 
wires or trolley wires of more than 250 volts between con- 
ductors. Insulators supporting the antenna conductors 
shall have sufficient mechanical strength to safely support 
the conductors. Lead-in conductors shall be securely at- 
tached to the antenna. 

810-13. Avoidance of Contacts with Conductors of Other 
Systems. Outdoor antenna and lead-in conductors from 
an antenna to a building shall not cross over electric light 
or power circuits and shall be kept well away from all such 
sircuits so as to avoid the possibility of accidental contact. 
Where proximity to electric light and power service con- 
ductors of less than 250 volts between conductors cannot 
be avoided, the installation shall be such as to provide a 
clearance of at least two feet. It is recommended that an- 
tenna conductors be so installed as not to cross under 
electric light or power conductors. 

810-14. Splices. Splices and joints in antenna span shall 
be made with approved splicing devices or by such other 
means as will not appreciably weaken the conductors. 

Soldering may ordinarily be expected to weaken the con- 
ductor. Therefore, the joint should be mechanically secure 
before soldering. 

810-15. Grounding. Masts and metal structures sup- 
porting antennas shall be permanently and effectively 
erounded, without intervening splice or connection. 

810-52. Size of Antenna. Antennas for amateur trans- 
mitting and receiving stations shall be of a size not less 
than given in Table 810-52. 


Table 810-52 


Size of Amateur-Station Outdoor Antenna Conductors 


Minimum Size of 
Conductors 


When Maximum Open 
Span Length Is 
Less than Over 
Material 150 feet 150 feet 
Hard-drawn copper 14 10 
Copper-clad steel, bronze 
or other high-strength 
material 14 12 


810-53. Size of Lead-In Conductors. Lead-in conductors 
for transmitting stations shall, for various maximum span 
lengths, be of a size at least as great as that of conductors 
for antenna specified in 810-52. 

810-54. Clearance on Building. Antenna conductors for 
transmitting stations, attached to buildings, shall be firmly 
mounted at least 3 inches clear of the surface of the build- 
ing on nonabsorptive insulating supports, such as treated 
pins or brackets, equipped with insulators having not less 
than 3-inch creepage and airgap distances. Lead-in con- 
ductors attached to buildings shall also conform to these 
requirements, except when they are enclosed in a continu- 
ous metal shield which is permanently and effectively 
grounded. In this latter case the metallic shield may also 
be used as a conductor. 

810-55. Entrance to Building. Except where protected 
with a continuous metal shield which is permanently and 
effectively grounded, lead-in conductors for transmitting 
stations shall enter building by one of the following methods: 

(a) Through a rigid, noncombustible, Roun ares in- 
sulating tube or bushing. 

(b) Through an opening provided for the purpose in 
which the entrance conductors are firmly secured so as to 
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provide a clearance of at least 2 inches. 

(c) Through a drilled window pane. 

810-56. Protection Against Accidental Contact. Lead-in 
conductors to radio transmitters shall be so located or in- 
stalled as to make accidental contact with them difficult. 

810-57. Lightning Arrestors — Transmitting Stations. 
Each conductor of a lead-in for outdoor antenna shall be 
provided with a lightning arrester or other suitable means 
which will drain static charges from the antenna system. 

Exception No. 1. When protected by a continuous metallic 
shield which is permanently and effectively grounded. 

Exception No. 2. Where the antenna is permanently and 
effectively grounded. 

810-21. Grounding Material. The grounding conductor 
shall, unless otherwise specified, be of copper, aluminum, 
copper-clad steel, bronze, or other corrosion-resistant 
material. 

810-22. Insulation. The grounding conductors may be 
uninsulated. 

810-23. Supports. The grounding conductors shall be 
securely fastened in place and may be directly attached to 
the surface wired over without the use of insulating sup- 
ports. Where proper support cannot be provided the size of 
the grounding conductor shall be increased pronortionately. 

810-24. Mechanical Protection. The grounding conductor 
shall be protected where exposed to physical damage or 
the size of the grounding conductor shall be increased pro- 
portionately to compensate for the lack of protection. 

810-25. Run in Straight Line. The grounding conductor 
shall be run in as straight a line as practicable from the 
antenna mast and/or lightning arrestor to the grounding 
electirode. 

810-26. Grounding Electrode. The grounding conductor 
shall be connected to a metallic underground water piping 
system. Where the building is not supplied with a (suitable) 
water system (one buried deeper than ten feet) the con- 
nection shall be made to the metal frame of the building 
when effectively grounded or to a grounding electrode. At a 
penthouse or similar location the ground conductor may 
be connected to a water pipe or rigid conduit. 

810-27. Grounding Conductor. The grounding conductor 
may be run either inside or outside the building. 

810-59. Size of Protective Ground. The protective ground 
conductor for transmitting stations shall be as large as the 
lead-in, but not smaller than No. 10 copper, bronze or 
copper-clad steel. 

810-60. Size of Operating Grounding Conductor. The 
operating grounding conductor for transmitting stations 
shall be not less than No. 14 copper or its equivalent. 

810-70. Clearance from Other Conductors. All con- 
ductors inside the building shall be separated at least 4 
inches from the conductors of other light or signal circuit 
unless separated therefrom by conduit or some firmly 
fixed non-conductor such as porcelain tubes or flexible 
tubing. 

810-71. General. Transmitters shall comply with the 
following: 

(a) Enclosing. The transmitter shall be enclosed in a 
metal frame or grille, or separated from the operating space 
by a barrier or other equivalent means, all metallic parts of 
which are effectually connected to ground. 

(b) Grounding of Controls. All external metallic handles 
and controls accessible to the operating personnel shall be 
effectually grounded. 

No circuit in excess of 150 volts between conductors 
should have any parts exposed to direct contact. A complete 
dead-front type of switchboard is preferred. 

(c) Interlecks on Doors. All access doors shall be pro- 
vided with interlocks which will disconnect all voltages in 
excess of 350 volts between conductors when any access 
door is opened. 

(d) Audio Amplifiers. Audio amplifiers which are located 
outside the transmitter housing shall be suitably housed 
and shall be so located as to be readily accessible and ade- 
quately ventilated. 


If coaxial line is used, compliance with 810-57 
above is readily achieved by grounding the shield 
of the coax at the point where it 1s nearest to the 
ground outside the house. Use a heavy wire — 
the aluminum wire sold for grounding TV anten- 
nas is good. If the cable can be run underground, 


Antenna Protection 


one or more grounding stakes should be located 
at the point where the cable enters the ground, 
at the antenna end. A grounding stake, to be 
effective in soils of average conductivity, should 
be not less than 8 feet long. Galvanized 34-inch 
iron pipe is acceptable, as is 54-inch steel rod or 
Y4-inch non-ferrous rod. Making connection to 
the outside of the outer conductor of the coaxial 
line will normally have no effect on the s.w.r. in 
the line, and consequently it can be done at any 
point or points. A commercial model of a light- 
ning arrester for coaxial line is available. 
Open-wire or Twin-Lead transmission lines can 
comply with 810-57 above through the use of a 
spark gap such as the one sketched in Fig. 22-2. 
The center contact should be grounded with a 
No. 4 or larger wire. The gaps can be made from 
xX Y-inch flat brass rod shaped as shown, 


ADJUST 
(SEE TEXT). 


TO GROUND 


SAME -SPACING AS FEEDERS 


Fig. 22-2—A simple lightning arrester made from three 

stand-off or feed-through insulators and sections of brass 

or copper strap. It should be installed in the open-wire or 

Twin-Lead line at the point where it is nearest the ground 

outside the house. The heavy ground lead should be as 
short and direct as possible. 


Here’s a console that was designed 
with operating convenience in mind. 
W7EBG built it almost entirely out of 
%'’ plywood, with strips of 2 X 2 
along the bottom edges for caster 
supports. It is assembled with bolts so 
that it can be readily dismantled for 
shipping. Over-all dimensions are 48’ 
wide, 40/2" high, with the horizontal 
desk top 16’’ wide and the sloping 
portion 15”’ wide. 


and the gaps should be set sufficiently far apart 
to prevent flash-over during normal operation 
of the transmitter. Depending upon the power 
of the transmitter and the s.w.r. pattern on the 
line, the gap may run anything from 1/32 to 
3/16 inch. It may spark intermittently when a 
thunderstorm is building up or is in the general 
area. 

Rotary beams using a T or gamma match and 
with each element connected to the boom will 
usually be grounded through the supporting 
metal tower. If the antenna is mounted on a 
wooden pole or on the top of the house, a No. 4 
or larger wire should be connected from the beam 
to the ground by the shortest and most direct 
route possible, using insulators where the wire 
comes close to the building. From a lightning- 
protection standpoint, it is desirable to run the 
coaxial and control lines from a beam down a 
metal tower and underground to the shack. If the 
tower is well grounded and the antenna is higher 
than any surrounding objects, the combination 
will serve well as a lightning rod. 

The sole purpose of lightning rods or grounded 
roofs is to protect a building in case a lightning 
stroke occurs; there is no accepted evidence that 
any form of protection can prevent a stroke.* 

Experiments have indicated that a high verti- 
cal conductor will generally divert to itself direct 
hits that might otherwise fall within a cone- 
shaped space of which the apex is the top of the 
conductor and the base a circle of radius approxi- 
mately two times the height of the conductor. 
Thus a radio mast may afford some protection to 
low adjacent structures, but only when low- 
impedance grounds are provided. 


* See ‘“‘Code for Protection Against Lightning,” National 
Bureau of Standards Handbook 46, for sale by the Superin- 
tendent of Documents, Washington 25, D. C. 


545 


BCI and IvI 


Every amateur has the obligation to make sure 
that the operation of his station does not, because 
of any shortcomings in equipment, cause inter- 
ference with other radio services. It is unfortu- 
nately true that much of the interference that 
amateurs cause to broadcast and television re- 
ception is directly the fault of b.c. and TV receiver 
construction. Nevertheless, the amateur can and 
should help to alleviate interference even though 
the responsibility for it does not lie with him. 

Successful handling of interference cases re- 
quires winning the listener’s cooperation. Here are 
a few pointers on how to go about it. 


Clean House First 


The first step obviously is to make sure that the 
transmitter has no radiations outside the bands 
assigned for amateur use. The best check on this 
is your own a.m. or TV receiver. It is always con- 
vincing if you can demonstrate that you do 
not interfere with reception in your own home. 


Don’t Hide Your Identity 


Whenever you make equipment changes — or 
shift to a hitherto unused band or type of emis- 
sion — that might be expected to change the 
interference situation, check with your neighbors. 
If no one is experiencing interference, so much 
the better; it does no harm to keep the neighbor- 
hood aware of the fact that you are operating 
without bothering anyone. 

Should you change location, announce your 
presence and conduct occasional tests on the air, 
requesting anyone whose reception is being 
spoiled to let you know about it so steps may be 
taken to eliminate the trouble. 


Act Promptly 
The average person will tolerate a limited 
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amount of interference, but the sooner you take 
steps to eliminate it, the more agreeable the 
listener will be; the longer he has to wait for you, 
the less willing he will be to cooperate. 


Present Your Story Tactfully 


When you interfere, it is natural for the com- 
plainant to assume that your transmitter is at 
fault. If you are certain that the trouble is not 
in your transmitter, explain to the listener that 
the reason lies in the receiver design, and that 
some modifications may have to be made in the 
receiver if he is to expect interference-free re- 
ception. 


Arrange for Tests 


‘Most listeners are not very competent ob- 
servers of the various aspects of interference. 
If at all possible, enlist the help of another 
amateur and have him operate your transmit- 
ter while you see for yourself what happens at 
the affected receiver. 


In General 


In this ‘‘ public relations” phase of the prob- 
lem a great deal depends on your own attitude. 
Most people will be willing to meet you half 
way, particularly when the interference is not 
of long standing, if you as a person make a 
good impression. Your personal appearance is 
important. So is what you say about the re- 
ceiver — no one takes kindly to hearing his pos- 
sessions derided. If you discuss your interference 
problems on the air, do it in a constructive way — 
one calculated to increase listener cooperation, 
not destroy it. 


Interference With Standard Broadcasting 


Interference with a.m. broadcasting usually 
falls into one or more rather well-defined cate- 
gories. An understanding of the general types of 
interference will avoid much cut-and-try in find- 
ing a cure. 


Transmitter Defects 


Out-of-band radiation is something that 
must be cured at the transmitter. Parasitic 
oscillations are a frequently unsuspected 
source of such radiations, and no transmitter 
can be considered satisfactory until it has been 
thoroughly checked for both low- and high- 
frequency parasitics. Very often parasitics 
show up only as transients, causing key clicks 
in c.w. transmitters and ‘‘splashes”’ or “burps” 
on modulation peaks in a.m. transmitters. 
Methods for detecting and eliminating para- 
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sitics are discussed in the transmitter chapter. 

In c.w. transmitters the sharp make and 
break that occurs with unfiltered keying causes 
transients that, in theory, contain frequency 
components through the entire radio spectrum. 
Practically, they are often strong enough in the 
immediate vicinity of the transmitter to cause 
serious interference to broadcast reception. Key 
clicks can be eliminated by the methods detailed 
in the chapter on keying. 

A distinction must be made between clicks 
generated in the transmitter itself and those 
set up by the mere opening and closing of the 
key contacts when current is flowing. The 
latter are of the same nature as the clicks heard 
in a receiver when a wall switch is thrown to 
turn a light on or off, and may be more trouble- 
some nearby than the clicks that actually go 
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out on the signal. A filter for eliminating them 
usually has to be installed as close as possible 
to the key contacts 

Overmodulation in a.m. phone transmitters 
generates transients similar to key clicks. It 
can be prevented either by using automatic 
systems for limiting the modulation to 100 
per cent, or by continuously monitoring the 
modulation. Methods for both are described 
in the chapter on amplitude modulation. 

BCI is frequently made worse by radiation 
from the power wiring or the r.f. transmission 
line. This is because the signal causing the inter- 
ference, in such cases, is radiated from wiring that 
is nearer the broadcast receiver than the antenna 
itself. Much depends on the method used to cou- 
ple the transmitter to the antenna, a subject that 
is discussed in the chapters on transmission lines 
and antennas. If it is at all possible the antenna 
itself should be placed so that it is not in close 
proximity to house wiring, telephone and power 
lines, and similar conductors. 


Image and Oscillator-Harmonic Responses 


Most present-day broadcast receivers use a 
built-in loop antenna as the grid circuit for the 
mixer stage. The selectivity is not especially high 
at the signal frequency. Furthermore, an appre- 
ciable amount of signal pick-up usually occurs on 


the a.c. line to which the receiver is connected, © 


the signal so picked up being fed to the mixer 
grid by stray means. 

As a result, strong signals from nearby trans- 
mitters, even though the transmitting frequency 
is far removed from the broadcast band, can 
force themselves to the mixer grid. They will nor- 
mally be eliminated by the i.f. selectivity, except 
in cases where the transmitter frequency is the 
image of the broadcast signal to which the re- 
ceiver is tuned, or when the transmitter frequency 
is so related to a harmonic of the broadcast re- 
ceiver’s local oscillator as to produce a beat at the 
intermediate frequency. 

These image and oscillator-harmonic re- 
Sponses tune in and out on the broadcast re- 
ceiver dial just like a broadcast signal, except 
that in the case of harmonic response the 
tuning rate is more rapid. Since most receivers 
use an intermediate frequency in the neighbor- 
hood of 455 ke., the interference is a true image 
only when the amateur transmitting frequency 
is in the 1800-ke. band. Oscillator-harmonic 
responses occur from 3.5- and 7-Me. transmis- 
sions, and sometimes even from higher fre- 
quencies. 

Since images and harmonic responses occur 
at definite frequencies on the receiver dial, it is 
possible to choose operating frequencies that will 
avoid putting such a response on top of the broad- 
cast stations that are favored in the vicinity. 
While your signal may still be heard when the 
receiver is tuned off the local stations, it will at 
least not interfere with program reception 
- There is little that cam be done to most re- 
ceivers to cure interference of this type except to 
reduce the amount of signal getting into the set 


through the a.c. line. A line filter such as is shown 
in Fig. 23-1 often will help accomplish this. The 
values used for the coils and capacitors are in 
general not critical. The effectiveness of the filter 
may depend considerably on the ground con- 
nection used, and it is advisable to use a short 
ground lead to a cold-water pipe if at all possible. 
The line cord from the set should be bunched up, 
to minimize the possibility of pick-up on the cord. 
It may be necessary to install the filter inside the 
receiver, so that the filter is connected between 
the line cord and the set wiring, in order to get 
satisfactory operation. 


Cross-Modulation 


With phone transmitters, there are occasion- 
ally cases where the voice is heard whenever the 
broadcast receiver is tuned to a b.c. station, but 
there is no interference when tuning between 
stations. This is cross-modulation, a result of 
rectification in one of the early stages of the re- 
ceiver. Receivers that are susceptible to this 
trouble usually also get a similar type of interfer- 
ence from regular broadcasting if there is a 
strong local b.c. station and the receiver is tuned 
to some other station. 

The remedy for cross-modulation in the re- 
ceiver is the same as for images and oscillator- 
harmonic response—reduce the strength of the 
amateur signal at the receiver by means of a line 
filter. 

The trouble is not always in the receiver, since 
cross modulation can occur in any nearby rec- 
tifying circuit —- such as a poor contact in water 
or steam piping, gutter pipes, and other conduc- 
tors in the strong field of the transmitting an- 
tenna — external to both receiver and _ trans- 
mitter. Locating the cause may be difficult, and 
is best attempted with a battery-operated port- 
able broadcast receiver used as a “‘probe’’ to 
find the spot where the interference is most in- 
tense. When such a spot is located, inspection of 
the metal structures in the vicinity should indi- 
cate the cause. The remedy is to make a good 
electrical bond between the two conductors hav- 
ing the poor contact. 


Audio-Circuit Rectification 


The most frequent cause of interference from 
operation at 21 Mc. and higher frequencies is 
rectification of a signal that by some means gets 
into the audio system of the receiver. In the 
milder cases an amplitude-modulated signal will 
be heard with reasonably good quality, but is 
not tunable — that is, it is present no matter 
what the frequency to which the receiver dial is 
set. An unmodulated carrier may have no observ- 
able effect in such cases beyond causing a little 
hum. However, if the signal is very strong there 
will be a reduction of the audio output level of the 
receiver whenever the carrier is thrown on. This 
causes an annoying “‘jumping”’ of the program 
when the interfering signal is keyed. With phone 
transmission the change in audio level is not 
so objectionable because it occurs at less fre- 
quent intervals. Rectification ordinarily gives no 
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audio output from a frequency-modulated signal, 
so the interference can be made almost unnotice- 
able if f.m. or p.m. is used instead of a.m. 

ty 


GND. 


Fig. 23-1—‘'Brute-force” a.c. line filter for receivers. 
The values of Ci, C2 and C3 are not generally critical; 
capacitances from 0.001 to 0.01 yf. can be used. Li and 
le can be a 2-inch winding of No. 18 enameled wire on 
a half-inch diameter form. In making up such a unit for 
use external to the receiver, make sure that there are no 
exposed conductors to offer a shock hazard. 

Interference of this type usually results from a 
signal on the power line being coupled by some 
means into the audio circuits, although the pick- 
up also may occur on the set wiring itself. A 
“brute-force”’ line filter as described above may 
or may not be completely effective, but in any 
event is the simplest thing to try. If it does not do 
the job, some modification of the receiver will be 
necessary. This usually takes the form of a simple 
filter connected in the grid circuit of the tube in 
which the rectification is occurring. Usually it 
will be the first audio amplifier, which in most 
receivers is a diode-triode type tube. 

Filter circuits that have proved to be effective 
are shown in Fig. 23-2. In A, the value of the grid 
leak in the combined detector/first audio tube is 
reduced to 2 to 3 megohms and the grid is by- 
passed to chassis by a 250-uuf. mica or ceramic 
capacitor. A somewhat similar method that does 
not require changing the grid resistor is shown 
at B. In C, a 75,000-ohm (value not critical) 
resistor is connected between the grid pin on the 
tube socket and all other grid connections. In 
combination with the input capacitance of the 
tube this forms a low-pass filter to prevent r.f. 
from reaching the grid. In some cases, simply 
bypassing the heater of the detector /first audio 
tube to chassis with a 0.001-yf. or larger capacitor 
will suffice. In all cases, check to see that the a.c. 
line is bypassed to chassis; if it is not, install by- 
pass capacitors (0.001 to 0.01 uf.). 


Handling BCI Cases 
Assuming that your transmitter has been 
checked and found to be free from spurious radia- 
tions, get another amateur to operate your sta- 
tion, if possible, while you make the actual check 
on the interference yourself. The following pro- 
cedure should be used. 
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Tune the receiver through the broadcast band, 
to see whether the interference tunes like a regular 
b.c. station. If so, image or oscillator-harmonic 
response is the cause. If there is interference only 
when a b.c. station is tuned in, but not between 
stations, the cause is cross modulation. If the 
interference is heard at all settings of the tuning 
dial, the trouble is pickup in the audio circuits. 
In the latter case, the receiver’s volume control 
may or may not affect the strength of the inter- 
ference, depending on the means by which your 
signal is being rectified. 

Having identified the cause, explain it to the 
set owner. It is a good idea to have a line filter 
with you, equipped with enough cord to replace 
the set’s line cord, so it can be tried then and 
there. If it does not eliminate the interference, 
explain to the set owner that there is nothing 
further that can be done without modifying the 
receiver. Recommend that the work be done by 
a competent service technician, and offer to ad- 
vise the service man on the cause and remedy. 
Don’t offer to work on the set yourself, but if 
you are asked to do so use your own judgment 
about complying; set owners sometimes complain 
about the over-all performance of the receiver 
afterward, often without justification. If you work 
on it, take it to your station so the effect of the 
changes you make can be observed, and return 
the receiver promptly when you have finished. 


@ MISCELLANEOUS TYPES OF 
INTERFERENCE 


The operation of amateur phone transmitters 
occasionally results in interference on telephone 
lines and in audio amplifiers used in public-ad- 
dress work and for home music reproduction. 
The cause is rectification of the signal in an audio 
circuit. 


Telephone Interference 


Telephone interference can be cured by con- 
necting a bypass capacitor (about 0.001 uf.) 
across the microphone unit in the telephone 
handset. The telephone companies have capaci- 
tors for this purpose. When such a case occurs, 
get in touch with the repair department of the 
phone company, giving all the particulars. Do 
not attempt to work on the telephone yourself. 


Hi-Fi and P. A. Systems 


In interference to public-address and ‘‘hi-fi” 
installations the principal sources of signal pick-up | 
are the a.c. line or a line from the power amplifier 
to a speaker. All amplifier units should be bonded 
together and connected to a good ground such as 
a cold-water pipe. Make sure that the a.c. line is 
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Fig. 23-2—Methods of elimi- 
nating r.f. from the grid of a 
combined detector /first-audio 
stage. At A, the value of the 
grid leak is reduced to 2 or 
3 megohms, and a bypass ca- 
pacitor is added. At B, both 
grid and cathode are 
bypassed. 
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bypassed to chassis in each unit with capacitors 
of about 0.01 uf. at the point where the line enters 
the chassis. The speaker line similarly should be 
bypassed to the amplifier chassis with about 
0.001 uf. 

If these measures do not suffice, the shielding 
on the amplifiers may be inadequate. A shield 


cover and bottom pan should be installed in such 
cases, 

The spot in the system where the rectification 
is occurring often can be localized by seeing if the 
interference is affected by the volume control 
setting; if not, the cause is in a stage following 
the volume control. 


Television Interference (See also Chap. 17) 


Interference with the reception of television 
signals usually presents a more difficult problem 
than interference with a.m. broadcasting. In BCI 
cases the interference almost always can be at- 
tributed to deficient selectivity or spurious re- 
sponses in the b.c. receiver. While similar defi- 
ciencles exist in many television receivers, it is 
also true that amateur transmitters generate 
harmonics that fall inside many or all television 


channels. These spurious radiations cause inter- 
ference that ordinarily cannot be eliminated by 
anything that may be done at the receiver, so 
must be prevented at the transmitter itself. 


The over-all situation is further complicated by 
the fact that television broadcasting is in three 
distinct bands, two in the v.h.f. region and one in 
the u.h.f. 


V.H.F. Television 


For the amateur who does most of his trans- 
mitting on frequencies below 30 Mc. the TV band 
of principal interest is the low v.h.f. band between 
54 and 88 Me. If harmonic radiation can be re- 
duced to the point where no interference is caused 
to Channels 2 to 6, inclusive, it is almost certain 
that any harmonic troubles with channels above 
174 Me. will disappear also. 

The relationship between the v.h.f. television 
channels and harmonics of amateur bands from 
14 through 28 Me. is shown in Fig. 23-3. Har- 
monics of the 7- and 3.5-Mc. bands are not 
shown because they fall in every television chan- 
nel. However, the harmonics above 54 Mc. from 
these bands are of such high order that they are 
usually rather low in amplitude, although they 
may be strong enough to interfere if the television 
receiver is quite close to the amateur transmitter. 
Low-order harmonics—up to 
about the sixth — are usually We tek 
the most difficult to eliminate. 54 

Of the amateur v.h.f. bands, 
~ only 50 Me. will have harmonics 
falling in a v.h.f. television chan-. 
nel (channels 11, 12 and 18). 
However, a transmitter for any 
amateur v.h.f. band may cause 
interference if it has multiplier 
stages either operating in or hav- 
ing harmonics in one or more of 
the v.h.f. TV channels. The r.f. 7? 
energy on such frequencies can 
be radiated directly from the 76 
transmitting circuits or coupled 
by stray means to the transmit- 
ting antenna. 82] 
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Frequency Effects 


The degree to which trans- se 
mitter harmonics or other un- 
desired radiation actually in the 
TV channel must be suppressed 
depends principally on two fac- 
tors, the strength of the TV sig- 
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Fig. 23-3—Relationship of amateur-band 

harmonics to v.h.f. TV channels. Harmonic 

interference from 

below 30 Mc. is most likely to be serious in 26 
the low-channel group (54 to 88 Mc.). 


nal on the channel or channels affected, and the 
relationship between the frequency of the spurious 
radiation and the frequencies of the TV picture 
and sound carriers within the channel. If the 
TV signal is very strong, interference can be 
eliminated by comparatively simple methods. 
However, if the TV signal is very weak, as in 
“fringe” areas where the received picture is 
visibly degraded by the appearance of set noise or 
‘“‘snow”’ on the screen, it may be necessary to go 
to extreme measures. 

In either case the intensity of the interference 
depends very greatly on the exact frequency of 
the interfering signal. Fig. 23-4 shows the place- 
ment of the picture and sound carriers in the 
standard TV channel. In Channel 2, for example, 
the picture carrier frequency is 54 + 1.25 = 
55.25 Mc. and the sound carrier frequency is 
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Fig. 23-4—Location of picture and sound carriers in a monochrome television channel, and relative 

intensity of interference as the location of the interfering signal within the channel is varied without 

changing its strength. The three regions are not actually sharply defined as shown in this drawing, 
but merge into one another gradually. 


60 — 0.25 = 59.75 Me. The second harmonic of 
28,010 ke. (56,020 ke. or 56.02 Mc.) falls 56.02 — 
54 = 2.02 Mc. above the low edge of the channel 
and is in the region marked ‘‘Severe” in Fig. 
23-4. On the other hand, the second harmonic of 
29,500 ke. (59,000 ke. or 59 Me.) is 59 — 54 = 5 
Mc. from the low edge of the channel and falls in 
the region marked ‘‘ Mild.” Interference at this 
frequency has to be about 100 times as strong as 
at 56,020 ke. to cause effects of equal intensity. 
Thus an operating frequency that puts a harmonic 
near the picture carrier requires about 40 db. 
more harmonic suppression in order to avoid 
interference, as compared with an operating 
frequency that puts the harmonic near the upper 
edge of the channel. 

For a region of 100 ke. or so either side of the 
sound carrier there is another ‘‘Severe’”’ region 
where a spurious radiation will interfere with re- 
ception of the sound program, and this region 
also should be avoided. In general, a signal of 
intensity equal to that of the picture carrier will 
not cause noticeable interference if its frequency 
is in the “ Mild” region shown in Fig. 23-4, but 
the same intensity in the “Severe” region will 
utterly destroy the picture. 


Interference Patterns 


The visible effects of interference vary with the 
type and intensity of the interference. Complete 
“‘blackout,”’ where the picture and sound dis- 
appear completely, leaving the screen dark, 
occurs only when the transmitter and receiver 
are quite close together. Strong interference or- 
dinarily causes the picture to be broken up, leav- 
ing a jumble of light and dark lines, or turns the 
picture ‘‘negative’” — the normally white parts 
of the picture turn black and the normally black 


Fig. 23-5—"'Cross-hatching,” caused by the beat be- 
tween the picture carrier and an interfering signal inside 
the TV channel. 
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parts turn white. ‘‘Cross-hatching” — diagonal 
bars or lines in the picture — accompanies the 
latter, usually, and also represents the most com- 
mon type of less-severe interference. The bars 
are the result of the beat between the harmonic 
frequency and the picture carrier frequency. 
They are broad and relatively few in number if 
the beat frequency is comparatively low — near 
the picture carrier — and are numerous and very 
fine if the beat frequency is very high — toward 
the upper end of the channel. Typical cross- 
hatching is shown in Fig. 23-5. If the frequency 
falls in the ‘‘ Mild” region in Fig. 23-4 the cross- 
hatching may be so fine as to be visible only on 
close inspection of the picture, in which case it 
may simply cause the apparent brightness of the 
screen to change when the transmitter carrier is 
thrown on and off. 

Whether or not cross-hatching is visible, an 
amplitude-modulated transmitter may cause 


accom- 


“modulation bars’ 

panying amplitude modulation of an interfering signal. 

In this case the interfering carrier is strong enough to 

destroy the picture, but in mild cases the picture is visible 

through the horizontal bars. Sound bars may accompany 

modulation even though the unmodulated carrier gives 
no visible cross-hatching. 


Fig. 23-6—'"'Sound bars” or 


“‘sound bars” in the picture. These look about as 
shown in Fig. 23-6. They result from the varia- 
tions in the intensity of the interfering signal 
when modulated. Under most circumstances 
modulation bars will not occur if the amateur 
transmitter is frequency- or phase-modulated. 
With these types of modulation the cross-hatch- 
ing will wigs from side to side with the 
modulation. 

Except in the more severe cases, there is seldom 
any effect on the sound reception when inter- 
ference shows in the picture, unless the frequency 
ig quite close to the sound carrier. In the latter 
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event the sound may be interfered with even 
though the picture is clean. 

Reference to Fig. 23-3 will show whether or not 
harmonics of the frequency in use will fall in any 
television channels that can be received in the 
locality. It should be kept in mind that not only 
harmonics of the final frequency may interfere, 
but also harmonics of any frequencies that may 
be present in buffer or frequency-multiplier 
stages. In the case of 144-Me. transmitters, fre- 
quency-multiplying combinations that require a 
doubler or tripler stage to operate on a frequency 
actually in a low-band v.h.f. channel in use in the 
locality should be avoided. 


Harmonic Suppression 


Effective harmonic suppression has three sepa- 
rate phases: 

1) Reducing the amplitude of harmonics 
generated in the transmitter. This is a matter 
of circuit design and operating conditions. 

2) Preventing stray radiation from the 
transmitter and from associated wiring. This 
requires adequate shielding and filtering of all 
circuits and leads from which radiation can 
take place. 

3) Preventing harmonics from being fed 
into the antenna. 

It is impossible to build a transmitter that will 
not generate some harmonics, but it is obviously 
advantageous to reduce their strength, by cir- 
cuit design and choice of operating conditions, 
by as large a factor as possible before attempt- 
ing to prevent them from being radiated. 
Harmonic radiation from the transmitter itself or 
from its associated wiring obviously will cause 
interference just as readily as radiation from the 
antenna, so measures taken to prevent harmon- 
ics from reaching the antenna will not reduce 
TVI if the transmitter itself is radiating harmon- 
ics. But once it has been found that the trans- 
mitter itself is free from harmonic radiation, 
devices for preventing harmonics from reaching 
the antenna can be expected to produce results. 


@ REDUCING HARMONIC 
GENERATION 


Since reasonably efficient operation of rf. 
power amplifiers always is accompanied by har- 
monic generation, good judgment calls for oper- 
ating all frequency-multiplier stages at a very low 
power level — plate voltages not exceeding 250 
or 300. When the final output frequency is 
reached, it is desirable to use as few stages as 
possible in building up to the final output power 
level, and to use tubes that require a minimum 
of driving power. 


Circuit Design and Layout 


Harmonie currents of considerable amplitude 
flow in both the grid and plate circuits of r.f. 
power amplifiers, but they will do relatively little 
harm if they can be effectively bypassed to the 
cathode of the tube. Fig. 23-7 shows the paths 
followed by harmonic currents in an amplifier 


circuit; because of the high reactance of the tank 
coil there is little harmonic current in it, so the 
harmonic currents simply flow through the tank 
capacitor, the plate (or grid) blocking capacitor, 
and the tube capacitances. The lengths of the 
leads forming these paths is of great importance, 
since the inductance in this circuit will resonate 
with the tube capacitance at some frequency in 
the v.h.f. range (the tank and blocking capaci- 
tances usually are so large compared with the 
tube capacitance that they have little effect on 
the resonant frequency). If such a resonance — 
happens to occur at or near the same frequency as 
one of the transmitter harmonics, the effect is 
just the same as though a harmonic tank circuit 
had been deliberately introduced; the harmonic at 
that frequency will be tremendously increased in 
amplitude. 


Fig. 23-7—A v.h.f. resonant circuit is formed by the tube 

capacitance and the leads through the tank and blocking 

capacitors, Regular tank coils are not shown, since they 

have little effect on such resonances. C; is the grid tuning 

capacitor and C2 is the plate tuning capacitor. C3 and C4 

are the grid and plate blocking or bypass capacitors, 
respectively. 


Such resonances are unavoidable, but by keep- 
ing the path from plate to cathode and from grid 
to cathode as short as is physically possible, the 
resonant frequency usually can be raised above 
100 Me. in amplifiers of medium power. This puts 
it between the two groups of television channels. 

It is easier to place grid-circuit v.h.f. resonances 
where they will do no harm when the amplifier is 
link-coupled to the driver stage, since this gen- 
erally permits shorter leads and more favorable 
conditions for bypassing the harmonics than is 
the case with capacitive coupling. Link coupling 
also reduces the coupling between the driver and 
amplifier at harmonic frequencies, thus prevent- 
ing driver harmonics from being amplified. 

The inductance of leads from the tube to the 
tank capacitor can be reduced not only by short- 
ening but by using flat strip instead of wire con- 
ductors. It is also better to use the chassis as the 
return from the blocking capacitor or tuned cir- 
cuit to cathode, since a chassis path will have 
less inductance than almost any other form of 
connection. 

The v.h.f. resonance points in amplifier tank 
circuits can be found by coupling a grid-dip meter 
covering the 50-250 Me. range to the grid and 
plate leads. If a resonance is found in or near a 
TV channel, methods such as those described 
above should be used to move it well out of the 
TV range. The grid-dip meter also should be used 
to check for v.h.f. resonances in the tank coils, 
because coils made for 14 Me. and below usually 
will show such resonances. In making the check, 
disconnect the coil entirely from the transmitter 
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and move the grid-dip meter coil along it while 
exploring for a dip in the 54-88 Mc. band. If a 


resonance falls in a TV channel that is in use in’ 


the locality, changing the number of turns will 
move it to a less-troublesome frequency. 


Operating Conditions 


Grid bias and grid current have an important 
effect on the harmonic content of the r.f. currents 
in both the grid and plate circuits. In general, 
harmonic output increases as the grid bias and 
grid current are increased, but this is not neces- 
sarily true of a particular harmonic. The third 
and higher harmonics, especially, will go through 
fluctuations in amplitude as the grid current is 
increased, and sometimes a rather high value of 
grid current will minimize one harmonic as com- 
pared with a low value. This characteristic can 
be used to advantage where a particular harmonic 
is causing interference, remembering that the 
operating conditions that minimize one harmonic 
may greatly increase another. 

For equal operating conditions, there is little 
or no difference between single-ended and push- 
pull amplifiers in respect to harmonic generation. 
Push-pull amplifiers are frequently trouble-mak- 
ers on even harmonics because with such ampli- 
fiers the even-harmonic voltages are in phase at 
the ends of the tank circuit and hence appear 
with equal amplitude across the whole tank coil, 
if the center of the coil is not grounded. Under 
such circumstances the even harmonics can be 
coupled to the output circuit through stray capac- 
itance between the tank and coupling coils. This 
does not occur in a single-ended amplifier having 
an inductively coupled tank, if the coupling coil is 
placed at the cold end, or with a pi-network tank. 


Harmonic Traps 


If a harmonic in only one TV channel is par- 
ticularly bothersome — frequently the case when 
the transmitter operates on 28 Mc. —a trap 
tuned to the harmonic frequency may be in- 
stalled in the plate lead as shown in Fig. 23-8. 
At the harmonic frequency the trap represents 
a very high impedance and hence reduces the 
amplitude of the harmonic current flowing 
through the tank circuit. In the push-pull circuit 
both traps have the same constants. The L/C 
ratio is not critical but a high-C circuit usually 
will have least effect on the performance of the 
plate circuit at the normal operating frequency. 

Since there is a considerable harmonic voltage 
across the trap, radiation may occur from the 
trap unless the transmitter is well shielded. Traps 
should be placed so that there is no coupling 
between them and the amplifier tank circuit. 

A trap is a highlyselective device and so is 
useful only over a small range of frequencies. A 
second- or third-harmonic trap on a 28-Mce. tank 
circuit usually will not be effective over more 
than 50 ke. or so at the fundamental frequency, 
depending on how serious the interference is with- 
out the trap. Because they are critical of adjust- 
ment, it is better to prevent TVI by other means, 
if possible, and use traps only as a last resort. 
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Fig. 23-8—Harmonic traps in an amplifier plate circuit. 
L and C should resonate at the frequency of the harmonic 
to be suppressed. C may be a 25- to 50-uuf. midget, 
and L usually consists of 3 to 6 turns about 2 inch in 
diameter for Channels 2 through 6. The inductance 
should be adjusted so that the trap resonates at about 
half capacitance of C before being installed in the trans-- 
mitter. The frequency may be checked with a grid-dip 
meter. When in place, the trap should be adjusted for 
minimum interference to the TV picture. 


@ PREVENTING RADIATION FROM 
THE TRANSMITTER 


The extent to which interference will be caused 
by direct radiation of spurious signals depends on 
the operating frequency, the transmitter power 
level, the strength of the television signal, and the 
distance between the transmitter and TV re- 
ceiver. Transmitter radiation can be a very seri- 
ous problem if the TV signal is weak, if the TV 
receiver and amateur transmitter are close to- 
gether, and if the transmitter is operated with 
high power. 


Shielding 


Direct radiation from the transmitter circuits 
and components can be prevented by proper 
shielding. To be effective, a shield must com- 
pletely enclose the circuits and parts and must 
have no openings that will permit r.f. energy to 
escape. Unfortunately, ordinary metal boxes and 
cabinets do not provide good shielding, since such 
openings as louvers, lids, and holes for running 
in connections allow far too much leakage. 

A primary requisite for good shielding is that 
all joints must make a good electrical connection 
along their entire length. A small slit or crack 
will let out a surprising amount of r.f. energy; so 
will ventilating louvers and large holes such as 
those used for mounting meters. On the other 
hand, small holes do not impair the shielding 
very greatly, and a limited number of ventilating 
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holes may be used if they are small — not over 
14 inch in diameter. Also, wire screen makes quite 
effective shielding if the wires make good electrical 
connection at each crossover. Perforated alumi- 
num such as the ‘‘do-it-yourself”’ sold at hard- 
ware stores also is good, although not very 
strong mechanically. If perforated material is 
used, choose the variety with the smallest 
openings. The leakage through large openings 
can be very much reduced by covering such 
openings with screening or perforated aluminum, 
well bonded to all edges of the opening. 

The intensity of r.f. fields about coils, capaci- 
tors, tubes and wiring decreases very rapidly with 
distance, so shielding is more effective, from a 
practical standpoint, if the components and wir- 
ing are not too close to it. It is advisable to have a 
separation of several inches, if possible, between 
“‘hot”’ points in the circuit and the nearest shield- 
ing. 

For a given thickness of metal, the greater the 
conductivity the better the shielding. Copper is 
best, with aluminum, brass and steel following in 
that order. However, if the thickness is adequate 
for structural purposes (over 0.02 inch) and the 
shield and a “‘hot”’ point in the circuit are not in 
close proximity, any of these metals will be satis- 
factory. Greater separation should be used with 
steel shielding than with the other materials not 
only because it is considerably poorer as a shield 
but also because it will cause greater losses in 
near-by circuits than would copper or aluminum 
at the same distance. Wire screen or perforated 
metal used as a shield should also be kept at 
some distance from high-voltage or high-current 
r.f. points, since there is considerably more 
leakage through the mesh than through solid 
metal. 

Where two pieces of metal join, as in forming a 
corner, they should overlap at least a half inch 
and be fastened together firmly with screws or 
bolts spaced at close-enough intervals to main- 
tain firm contact all along the joint. The contact 
surfaces should be clean before joining, and 
should be checked occasionally — especially steel, 
which is almost certain to rust after a period of 
time. 

The leakage through a given size of aperture in 
shielding increases with frequency, so such points 
as good continuous contact, screening of large 
holes, and so on, become even more important 
when the radiation to be suppressed is in the 
high band — 174-216 Mc. Hence 50- and 144- 
Me. transmitters, which in general will have 
frequency-multiplier harmonics 
high intensity in this region, require special 
attention in this respect if the possibility of in- 
terfering with a channel received locally exists. 


Lead Treatment 


Even very good shielding can be made com- 

- pletely useless when connections are run to exter- 
nal power supplies and other equipment from 
the circuits inside the shield. Every such conduc- 
tor leaving the shielding forms a path for the 
escape of r.f., which is then radiated by the con- 


of relatively 


necting wires. Hence a step that is essential in 
every case is to prevent harmonic currents from 
flowing on the leads leaving the shielded en- 
closure. 

Harmonic currents always flow on the d.e. or 
a.c. leads connecting to the tube circuits. A very 
effective means of preventing such currents from 
being coupled into other wiring, and one that 
provides desirable bypassing as well, is to use 
shielded wire for all such leads, maintaining the 
shielding from the point where the lead connects 
to the tube or r.f. circuit right through to the 
point where it leaves the chassis. The shield braid 
should be grounded to the chassis at both ends 
and at frequent intervals along the path. 

Good bypassing of shielded leads also is essen- 
tial. Bearing in mind that the shield braid about 
the conductor confines the harmonic currents to 
the znside of the shielded wire, the object of by- 
passing is to prevent their escape. Figs. 23-9 and 
23-10 show the proper way to bypass. The small- 
type 0.001-uf. ceramic disk capacitor, when 
mounted on the end of the shielded wire as shown 
in Fig. 23-9, actually forms a series-resonant 
circuit in the 54-88-Mce. range and thus repre- 
sents practically a short-circuit for low-band TV 
harmonics. The exposed wire to the connection 
terminal should be kept as short as is physically 
possible, to prevent any possible harmonic pick- 
up exterior to the shielded wiring. Disk capaci- 
tors of this capacitance are available in several 
voltage ratings up to 3000 volts. For higher 
voltages, the maximum capacitance available is 
approximately 500 uyf., which is large enough 
for good bypassing of harmonics. Alternatively, 
mica capacitors may be used as shown in Fig. 
23-10, mounting the capacitor flat against the 
chassis and grounding the end of the shield braid 
directly to chassis, keeping the exposed part as 
short as possible. Either 0.001-uf. or 470-yyf. 
(500 yuuf.) capacitors should be used. The larger 
capacitance is series-resonant in Channel 2 and 
the smaller in Channel 6. 


Fig. 23-9—Proper method of bypassing the end of a 

shielded lead using disk ceramic capacitor. The 0.001- 

pf. size should be used for 1600 volts or less; 500 uf. at 

higher voltages. The leads are wrapped around the 

inner and outer conductors and soldered, so that the lead 

fength is negligible. This photograph is about four times 
actual size. 
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Fig. 23-10—Bypassing with a mica capacitor the end 
of a high-voltage lead. The end of the shield braid is 
soldered to a lug fastened to the chassis directly under- 
neath. The other terminal of the capacitor is similarly 
bolted directly to the chassis. When the bypass is used 
at a terminal connection block the ‘hot’ lead should be 
soldered directly to the terminal, if possible, but in any 
event connected to it by a very short lead. 


These bypasses are essential at the connection- 
block terminals, and desirable at the tube ends 
of the leads also. Installed as shown with shielded 
wiring, they have been found to be so effective 
that there is usually no need for further harmonic 
filtering. However, if a test shows that additional 
filtering is required, the arrangement shown in 
Fig. 23-11 may be used. Such an rf. filter should 
be installed at the tube end of the shielded lead, 
and if more than one circuit is filtered care should 
be taken to keep the r.f. chokes separated from 
each other and so oriented as to minimize coupling 
between them. This is necessary for preventing 
harmonics present in one circuit from being 
coupled into another. 

In difficult cases involving Channels 7 to 13 — 
1.e., close proximity between the transmitter and 
receiver, and a weak TV signal — additional lead- 
filtering measures may be needed to prevent 
radiation of interfering signals by 50- and 144-Mc. 
transmitters. A recommended method is shown 
in Fig. 23-12. It uses a shielded lead bypassed 
with a ceramic disk as described above, with the 
addition of a low-inductance feed-through type 
capacitor and a small r.f. choke, the capacitor 
being used as a terminal for the external connec- 
tion. For voltages above 400, a capacitor of 
compact construction (as indicated in the cap- 
tion) should be used, mounted so that there is a 
very minimum of exposed lead, inside the chassis, 
from the capacitor to the connection terminal. 

As an alternative to the series-resonant by- 
passing described above, feed-through type capac- 
itors such as the Sprague ‘‘Hypass’’ type may 
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be used as terminals for externa] connections. 
The ideal method of installation is to mount them 
so they protrude through the chassis, with thor- 
ough bonding to the chassis all around the hole in 
which the capacitor is mounted. The principle is 
illustrated in Fig. 23-13. 

Meters that are mounted in an r.f. unit should 
be enclosed in shielding covers, the connections 
being made with shielded wire with each lead 
bypassed as described above. The shield braid 
should be grounded to the panel or chassis im- 
mediately outside the meter shield, as indicated 
in Fig. 23-14. A bypass may also be connected 
across the meter terminals, principally to prevent 
any fundamental current that may be present 
from flowing through the meter itself. As an alter- 
native to individual meter shielding the meters 
may be mounted entirely behind the panel, and 
the panel holes needed for observation may be 
covered with wire screen that is carefully bonded 
to the pane] all around the hole. 

Care should be used in the selection of shielded 
wire for transmitter use. Not only should the in- 
sulation be conservatively rated for the d.c. volt- 
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Fig. 23-12—Additional lead filtering for harmonics or 
other spurious frequencies in the high v.h.f. TV band 
(174-216 Mc.). 

Ci— 0.001 -yf. disk ceramic. 

C2—0.001-yf. feed-through bypass (Erie Style 326). 
(For 500-2000-volt lead, substitute Plasticon 
Glass mike, LSG-251, for Co.) 

RFC—14 inches No. 26 enamel close-wound on %¢-inch 
diam. form or resistor. 


age in use, but the insulation should be of ma- 
terial that will not easily deteriorate in soldering. 
The r.f. characteristics of the wire are not espe- 
cially important, except that the attenuation of 
harmonics in the wire itself will be greater if the 


Fig. 23-11—Additional r.f. filtering of sup- 
ply leads may be required in regions where 
the TV signal is very weak. The r.f. choke 
should be physically small, and may consist 
of a 1-inch winding of No. 26 enameled wire 
on a %4-inch form, close-wound. Manufac- 
_ tured single-layer chokes having an induct- 
ance of a few microhenrys also may be used. 


Preventing Radiation 


Shield or 
=— Chassis wall 


INSIDE 


OUTSIDE 


Fig. 23-13—The best method of using the “Hypass” 

type feed-through capacitor. Capacitances of 0.01 to 

0.1 uf. are satisfactory. Capacitors of this type are useful 

for high-current circuits, such as filament and 115-volt 

leads, as a substitute for the r.f. choke shown in Fig. 23-11, 
in cases where additional lead filtering is needed. 


insulating material has high losses at radio fre- 
quencies; in other words, wire intended for use at 
d.c. and low frequencies is preferable to cables 
designed expressly for carrying r.f. The attenua- 
tion also will increase with the length of the wire; 
in general, it is better to make the leads as long as 
circumstances permit rather than to follow the 
more usual practice of using no more lead than is 
actually necessary. Where wires cross or run 
parallel, the shields should be _ spot-soldered 
together and connected to the chassis. For high 
voltages, automobile ignition cable covered with 
shielding braid is reeommended. 

Proper shielding of the transmitter requires 
that the r.f. circuits be shielded entirely from the 
external connecting leads. A situation such as is 
shown in Fig. 23-15, where the leads in the rf. 
chassis have been shielded and properly filtered 
but the chassis is mounted in a large shield, simply 
invites the harmonic currents to travel over the 
chassis and on out over the leads owtside the 
chassis. The shielding about the r.f. circuits 
should make complete contact with the chassis 
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Fig. 23-14—Meter shielding and bypassing. It is essential 

to shield the meter mounting hole since the meter will 

carry r.f. through it to be radiated. Suitable shields can 

be made from 2'4- or 3-inch diameter metal cans or 
small metal chassis boxes. 


on which the parts are mounted. 


Checking Transmitter Radiation 


A check for transmitter radiation always should 
be made before attempting to use low-pass filters 
or other devices for preventing harmonics from 
reaching the antenna system. The only really 
satisfactory indicating instrument is a television 
receiver. In regions where the TV signal is strong 
an indicating wavemeter such as one having a 
crystal or tube detector may be useful; if it is pos- 
sible to get any indication at all from harmonics 
either on supply leads or around the transmitter 
itself, the harmonics are probably strong enough 
to cause interference. However, the absence of 
any such indication does not mean that harmonic 
interference will not be caused. If the techniques 
of shielding and lead filtering described in the 
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Fig. 23-15—A metal cabinet can be an adequate shield, 
but there will still be radiation if the leads inside can 
pick up r.f. from the transmitting circuits. 


preceding section are followed, the harmonic in- 
tensity on any external leads should be far below 
what any such instruments can detect. 
Radiation checks should be made with the 
transmitter delivering full power into a dummy 
antenna, such as an incandescent lamp of suitable 
power rating, preferably installed inside the 
shielded enclosure. If the dummy must be ex- 
ternal, it is desirable to connect it through a coax- 
matching circuit such as is shown in Fig. 23-16. 
Shielding the dummy antenna circuit is also de- 
sirable, although it is not always necessary. 
Make the radiation test on all frequencies that 
are to be used in transmitting, and note whether 
or not interference patterns show in the received 
picture. (These tests must be made while a TV 
signal is being received, since the beat patterns 
will not be formed if the TV picture carrier is not 
present.) If interference exists, its source can be 
detected by grasping the various external leads 


(by the insulation, not the live wire!) or bringing 


the hand near meter faces, louvers, and other pos- 
sible points where harmonic energy might escape 
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Fig. 23-16—Dummy-antenna circuit for checking har- 
monic radiation from the transmitter and leads. The 
matching circuit helps prevent harmonics in the output 
of the transmitter from flowing back over the transmitter 
itself, which may occur if the lamp load is simply con- 
nected to the output coil of the final amplifier. See trans- 
mission-line chapter for details of the matching circuit. 
Tuning must be adjusted by cut-and-try, as the bridge 
method described in the transmission-line chapter will 
not work with lamp loads because of the change in re- 
sistance when the lamps are hot. 


from the transmitter. If any of these tests cause a 
change — not necessarily an zncrease —in the 
intensity of the interference, the presence of har- 
monies at that point is indicated. The location 
of such “‘hot” spots usually will point the way 
to the remedy. If the TV receiver and the trans- 
mitter can be operated side-by-side, a length of 
wire connected to one antenna terminal on the 
receiver can be used as a probe to go over the 
transmitter enclosure and external leads. This de- 
vice will very quickly expose the spots from 
which serious leakage is taking place. 

As a final test, connect the transmitting an- 
tenna or its transmission line terminals to the 
outside of the transmitter shielding. Interference 
created when this test is applied indicates that 
weak currents are on the outside of the shield and 
can be conducted to the antenna when the nor- 
mal antenna connections are used. Currents of 
this nature represent interference that can be 
conducted over low-pass filters, etc., and which 
therefore cannot be eliminated by such filters. 


@ PREVENTING HARMONICS FROM 
REACHING THE ANTENNA 


The third and last step in reducing harmonic 
TVI is to keep the spurious energy generated in 
or passed through the final stage from traveling 
over the transmission line to the antenna. It is 
seldom worthwhile even to attempt this until the 
radiation from the transmitter and its connecting 
leads has been reduced to the point where, with 
the transmitter delivering full power into a 
dummy antenna, it has been determined by ac- 
tual testing with a television receiver that the 
radiation is below the level that can cause inter- 
ference. If the dummy antenna test shows enough 
radiation to be seen in a TV picture, it is a practi- 
cal certainty that harmonics will be coupled to 
the antenna system no matter what preventive 
measures are taken. 

In inductively coupled output systems, some 
harmonic energy will be transferred from the final 
amplifier through the mutual inductance between 
the tank coil and the output coupling coil. Har- 
monics of the output frequency transferred in 
this way can be greatly reduced by providing 
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sufficient selectivity between the final tank and 
the transmission line. A good deal of selectiv- 
ity, amounting to 20 to 30 db. reduction of the 
second harmonic and much higher reduction of 
higher-order harmonics, is furnished by a match- 
ing circuit of the type shown in Fig. 23-16 and 
described in the chapter on transmission lines. 
An ‘‘antenna coupler”’ is therefore a worthwhile 
addition to the transmitter. 

In 50- and 144-Mce. transmitters, particularly, 
harmonics not directly associated with the output 
frequency — such as those generated in low-fre- 
quency early stages of the transmitter — may get 
coupled to the antenna by stray means. For ex- 
ample, a 144-Me. transmitter might have an 
oscillator or frequency multiplier at 48 Mce., 
followed by a tripler to 144 Mc. Some of the 
48-Mce. energy will appear in the plate circuit of 
the tripler, and if passed on to the grid of the 
final amplifier will appear as a 48-Mc. modulation 
on the 144-Mce. signal. This will cause a spurious 
signal at 192 Mc., which is in the high TV band, 
and the selectivity of the tank circuits may not be 
sufficient to prevent its being coupled to the 
antenna. Spurious signals of this type can be re- 
duced by using link coupling between the driver 
stage and final amplifier (and between earlier 
stages as well) in addition to the suppression 
afforded by using an antenna coupler. 


Capacitive Coupling 
The upper drawing in Fig. 23-17 shows a 
parallel-conductor link as it might be used to 
couple into a parallel-conductor line through a 
matching circuit. Inasmuch as a coil is a sizable 
metallic object, there is capacitance between 
the final tank coil and its associated link coil, 
and between the matching-circuit coil and its 
link. Energy coupled through these capacitances 
travels over the link circuit and the transmission 
line as though these were merely single conduc- 
tors. The tuned circuits simply act as masses of 
metal and offer no selectivity at all for capaci- 
tively-coupled energy. Although the actual 
capacitances are small, they offer a good coupling 
medium for frequencies in the v.h.f. range. 
Capacitive coupling can be reduced by coupling 
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Fig. 23-17—The stray capacitive coupling between coils 
in the upper circuit leads to the equivalent circuit shown 
_ below, for v.h.f. harmonics. 


Keeping Harmonics From the Antenna 


Fig. 23-18—Methods of coupling and 
grounding link circuits to reduce ca- 
pacitive coupling between the tank 


and link coils. Where the link is wound 

over one end of the tank coil the side 

toward the hot end of the tank should 
be grounded, as shown at B. 


(A) 


to a “‘cold”’ point on the tank coil — the end con- 
nected to ground or cathode in a single-ended 
stage. In push-pull circuits having a split-stator 
capacitor with the rotor grounded for r.f., all parts 
of the tank coil are ‘‘hot”’ at even harmonics, but 
the center of the coil is “cold” at the fundamental 
and odd harmonics. If the center of the tank coil, 
rather than the rotor of the tank capacitor, is 
grounded through a bypass capacitor the center 
of the coil is “‘cold”’ at all frequencies, but this 
arrangement is not very desirable because it 
causes the harmonic currents to flow through the 
coil rather than the tank capacitor and this in- 
creases the harmonic transfer by pure inductive 
coupling. | 

With either single-ended or balanced tank cir- 
cuits the coupling coil should be grounded to the 
chassis by a short, direct connection as shown in 
Fig. 23-18. If the coil feeds a balanced line or link, 
it is preferable to ground its center, but if it feeds 
a coax line or link one side may be grounded. 
Coaxial output is much preferable to balanced 
output, because the harmonics have to stay 
inside a properly installed coax system and tend 
to be attenuated by the cable before reaching the 
antenna, coupler. , 

At high frequencies — and possibly as low as 14 
Mc. — capacitive coupling can be greatly reduced 
by using a shielded coupling coil as shown in Fig. 
23-19. The inner conductor of a length of coaxial 
cable is used to form a one-turn coupling coil. The 
outer conductor serves as an open-circuited shield 
around the turn, the shield being grounded to 
the chassis. The shielding has no effect on the 
inductive coupling. Because this construction is 
suitable only for one turn, the coil is not well 
adapted for use on the lower frequencies where 
many turns are required for good coupling. 
Shielded coupling coils having a larger number 
of turns are available commercially. A shielded 
coil is particularly useful with push-pull ampli- 
fiers when the suppression of even harmonics is 
important. 

A shielded coupling coil or coaxial output will 
not prevent stray capacitive coupling to the an- 
tenna if harmonic currents can flow over the 
outside of the coax line. In Fig. 23-20, the arrange- 
ment at either A or C will allow r.f. to flow over 
the outside of the cable to the antenna svstem. 
The proper way to use coaxial cable is to shield 
the transmitter completely, as shown at B, and 
make sure that the outer conductor of the cable is 
a continuation of the transmitter shielding. This 
prevents r.f. inside the transmitter from getting 
out by any path except the inszde of the cable. 
Harmonics flowing through a coax line can be 
stopped from reaching the antenna system by an 
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Fig. 23-19—Shielded coupling coil constructed from 
coaxial cable. The smaller sizes of cable such as RG-59 /U 
are most convenient when the coil diameter is 3 inches or 
less, because of greater flexibility. For larger coils 


RG-8/U or RG-11/U can be used. 


Fig. 23-20—Right (B) and wrong (A and C) ways to 
connect a coaxial line to the transmitter. In A or C, har- 
monic energy coupled by stray capacitance to the out- 
side of the cable will flow without hindrance to the an- 
tenna system. In B the energy cannot leave the shield and 


can flow out only through, not over, the cable. 
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antenna coupler or by a iow-pass filter installed 
in the line. 


Low-Pass Filters 


A low-pass filter properly installed in a coaxial 
line, feeding either a matching circuit (antenna 
coupler) or feeding the antenna directly, will pro- 
vide very great attenuation of harmonics. When 
the main transmission line is of the parallel-con- 
ductor type, the coax-coupled matching-circuit 
arrangement is highly recommended as a means 
for using a coax low-pass filter. 

A properly designed low-pass filter will not 
introduce appreciable power loss at the funda- 
mental frequency if the coaxial line in which it is 
inserted is terminated so that the s.w.r. is low. 
(The s.w.r. can easily be measured by means of a 
simple bridge as described in the chapters on 
measurements and transmission lines.) Such a 
filter has the property of passing without loss all 
frequencies below its ‘‘cut-off”’ frequency, but 
simultaneously has large attenuation for all fre- 
quencies above the cut-off frequency. 

Low-pass filters of simple and inexpensive con- 
struction for use with transmitters operating be- 
low 30 Me. are shown in Figs. 23-21 and 23-23. 
The former is designed to use mica capacitors 
of readily available capacitance values, for com- 
pactness and jJow cost. Both use the same cir- 
cuit, Fig. 23-22, the only difference being in the 
L and C values. Technically, they are three-sec- 
tion filters having two full constant-k sections 
and two m-derived terminating half-sections, 
and their attenuation in the 54-88-Mce. range 
varies from over 50 to nearly 70 db., depending 
on the frequency and the particular set of values 
used. Above 174 Me. the theoretical attenuation 
is better than 85 db., but will depend somewhat 


Fig. 23-21—An inexpensive low-pass filter using silver- 
mica postage-stamp capacitors. The box is a 2 by 4 by 6 
aluminum chassis. Aluminum shields, bent and folded at 
the sides and bottom for fastening to the chassis, form 
shields between the filter sections. The diagonal arrange- 
ment of the shields provides extra room for the coils and 
makes it easier to fit the shields in the box, since bending 
to exact dimensions is not essential. The bottom plate, 
made from sheet aluminum, extends a half inch beyond 
the ends of the chassis and is provided with mounting 
holes in the extensions. It is held on the chassis with sheet- 
metal screws. 
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Fig. 23-22—Low-pass filter circuit for attenuating har- 

monics in the TV bands. Ji and Jz are chassis-type coaxial 

connectors. In the table below the letters refer to the 
following: 


A—Using 100- and 70-uuf. 500-volt silver mica capaci- 
tors in parallel for Co and C3. 

B—Using 70- and 50-uuf. silver mica capacitors in 
parallel for Co and C3. 

C—Using 100- and 50-uuf. mica capacitors, 1200-volt 
(case-style CM-45) in parallel for C2 and Cs. 

D and E—Using variable air capacitors, 500- to 1000- 
volt rating, adjusted to values given (see measure- 
ments chapter for data on measuring capacitance). 


f, » [36> (-35.5 | 41 (0.01 soceieme 
Fa | dds 47°* 54 1280 0 0 ee 
fh | 25.5 | 25.2 | 29 | 28.3 | 28.3 | Me 
fo | 32.5 | 31.8. |.37.5-| 361. | 36a 


Cop-Cs}> 170.) 120. -| 1508) 154: <>). LO Gates 


li, ls |} 5 6 4 5 62 | turns* 
Lo, La 8 142 7 7 9 | turns* 
Ls 9 13 8 84% | 11% | turns* 


*No. 12 or No. 14 wire, Y-inch inside diameter, 8 
turns per inch. 

1 A 9-turn coil with closer turn spacing to give the same 
inductance is shown in Fig. 23-21. 


on internal resonant conditions associated princi- 
pally with the lead lengths to the capacitors. 
These leads should be kept as short as is physi- 
cally possible. 

The power that filters using mica capacitors 
can handle safely is determined by the voltage 
and current limitations of the capacitors. The 
power capacity is least at the highest frequency. 
The unit using postage-stamp silver mica capaci- 
tors is capable of handling approximately 50 watts 
in the 28-Mc. band, when working into a prop- 
erly-matched line, but is good for about 150 watts 
at 21 Me. and 300 watts at 14 Me. and lower fre- 
quencies. A filter with larger mica capacitors (case 
type CM-45) will carry about 250 watts safely at 
28 Mc., this rating increasing to 500 watts at 21 
Me. and a kilowatt at 14 Me. and lower. If there 
is an appreciable mismatch between the filter and 
the line into which it works, these ratings will be 
considerably decreased, so in order to avoid capac- 
itor failure it is highly essential that the line on 
the output side of the filter be carefully matched 
by its load. This can be done with an s.w.r. bridge, 
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Fig. 23-23—Low-pass filter using variable air capacitors. 

The box is a 2 by 5 by 7 aluminum chassis, fitted with a 

bottom plate of similar construction to the one used in Fig. 
23-21. 


and the matching is easy to control if the line 
from the filter terminates in a matching circuit 
of the type described in the chapter on transmis- 
sion lines. 

The power capacity of these filters can be in- 
creased considerably by substituting r.f. type 
fixed capacitors (such as the Centralab 850 series) 
or variable air capacitors, in which event the 
power capability will be such as to handle the 
maximum amateur power on any band. The con- 
struction can be modified to accommodate vari- 
able air capacitors as shown in Fig. 23-23. 

Using fixed capacitors of standard tolerances, 
there should be little difficulty in getting proper 
filter operation. A grid-dip meter with'an accurate 
calibration should be used for adjustment of the 
coils. First, wire up the filter without Le and La. 
Short-circuit J; at its inside end with a screw- 
driver or similar conductor, couple the grid-dip 
meter to Z1 and adjust the inductance of Lj, by 
varying the turn spacing, 
until the circuit resonates at 
fo as given in the table. Do 
the same thing at the other 
end of the filter with Ls. 
Then couple the meter to the 
circuit formed by L3, Ce and 
C3, and adjust Lz to resonate 
at the frequency fi as given 
by the table. Then remove Lz, 


Fig. 23-24 — Low-pass filter for 
use with 50-Mc. transmitters and 
52-ohm line. It uses variable air 
capacitors adjusted to the proper 
capacitance values and is suited to 
powers up to a kilowatt. 


install Le and L4 and adjust Le to make the cir- 
cuit formed by Lj, Le, Cy and C2 (without the 
short across J) resonate at fo as given in the 
table. Do the same with Ly, for the circuit formed 
by La, Ls, C3 and C4. Then replace Lg and check 
with the grid-dip meter at any coil in the filter; 
a distinct resonance should be found at or very 
close to the cut-off frequency, f,. The filter is then 
ready for use 

The filter constants suggested at D and E in 
Fig. 23-22 are based on the optimum design for 
good impedance characteristics — that is, with 
m = 0.6 in the end sections — and a cut-off fre- 
quency below the standard 1.f. for television re- 
ceivers (sound carrier at 41.25 Mce.; picture car- 
rier at 45.75 Mc.). This is to avoid possible har- 
monic interference from 21 Me. and below to the 
receiver’s intermediate amplifier. The other de- 
signs similarly cut off at 41 Mc. or below, but m 
in these cases is necessarily based on the capac- 
itances available in standard fixed capacitors. 


Filters for 50- and 144-Mc. Transmitters 


Since a low-pass filter must have a cut-off fre- 
quency above the frequency on which the trans- 
mitter operates, a filter for a v.hf. transmitter 
cannot be designed for attenuation in all tele- 
vision channels. This is no handicap for v.h.f. 
work but means that the filter will not be effec- 
tive when used with lower-frequency transmit- 
ters, unless it happens that no TV channels in use 
in the locality fall inside the pass band of the 
filter. 

Fig. 23-24 shows a filter for 52-ohm coax suit- 
able for a 50-Mc. transmitter of any power up to 
the authorized limit. The circuit diagram is 
given in Fig. 23-25. If the values of inductance 
and capacitance can be measured (see chapter on 
measurements) the components can be preset and 
assembled without further adjustment. Alterna- 
tively, the grid-dip meter method described 
earlier may be used. The resonant frequencies are: 


IC, (J; shorted, Lz disconnected) 
L5C4 (J3 shorted, L4 disconnected) 
L3CeoC3 (Le and Ls, disconnected) 
[I L2C\C2 (Lz disconnected) 
L4L5C3C4 (Lz disconnected) 


The cut-off frequency is approximately 65 Me. 


\s15 Me. 
46 Me. 
58.5 Me. 
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Fig. 23-25—Circuit diagram of the low-pass filters for 

50- and 144-Mc. transmitters. Values on the drawing 

are for the 50-Mc. filter. Partitions are not used in the 
144-Mc. unit. 


Ci, Ca—50 Mc.; 50-uyf. variable, shaft-mounted, set to 
middle of tuning range (Johnson 50L15). 144 
Mc.: 11-uuf. ceramic (10-uuf. usable). 

Co, Cs—50 Mc.: 100-uuf. variable, shaft-mounted set 
with rotor Y% inch out of stator (Bud MC-905). 
144 Mc.: 38-uuf. stand-off bypass (Erie Style 
721A). 

50-Mc. coil data: 

Li, ls —3¥2 turns ¥% inch long. Top leads % inch, bottom 
leads 4 inch long 

Lo, Li—4/2 turns ¥% inch long. Leads 2 inch long each end. 

Ls—5'4 turns % inch long. Leads 1 inch long each. All 
50-Mc. coils No. 12 tinned, Y2-inch diam., coil 
length measured between right-angle bends 
where leads begin 

144-Mc. coil data: 

Li, Ls—3 turns Y% inch long. Leads 4 inch long each end. 

Lo, Ls—2 turns Ye inch long. Leads 1 inch long each end. 

Ls—5 turns % inch long. Leads ¥% inch long each end. 
All 144-Mc. coils No. 18 tinned, Y%-inch diam., 
lengths measured as for 50-Mc. coils 

Ji, Jo—Coaxial fitting. 


The case for the 50-Mce. filter is a standard 
aluminum slip-cover type box measuring 3% by 
13 by 254 inches. The two end capacitors, Cy and 
C4, are mounted with their two stator posts to- 
ward the ends of the filter. The two larger units are 
mounted in the center compartment with their 
rotor shafts toward the middle. The top leads 
from coils Ly and Ls are wrapped around the 
stator terminals of Cy and C4, and the bottom 
leads fit directly into the coaxial input and output 


Fig. 23-26—A 52-ohm low-pass 
filter for 144-Mc. transmitters. 
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fittings. The outer ends of coils Le and Lg are 
soldered to the coaxial fitting terminals, and their 
inner ends are soldered to lugs supported on one- 
inch ceramic stand-off insulators. Leads from the 
stand-offs go through holes in the partitions to 
the bottom stator lugs on C2 and C3. L3 is soldered 
to the two upper lugs on these two capacitors, 
thus completing the filter circuit. Lead lengths 
for the coils given in the parts list are the total 
lengths to be left-when the winding is completed, 
including the portions that will be used in solder- 
ing operations. 

This filter will give high attenuation in Chan- 
nels 4-6 and all the high-band channels, and thus 
will take care of most of the spurious signals gen- 
erated in a 50-Mce. transmitter. 

A filter for low-power 144-Mce. transmitters is 
shown in Fig. 23-26. It is designed for maximum 
attenuation in the 190-215 Mc. region to suppress 
the spurious radiations in that range that fre- 
quently occur with 144-Me. transmitters, but 
also has good attenuation for all frequencies above 
170 Me. Optimum capacitance values are given 
in Fig. 23-25. If possible, several units of the 
nearest standard values available should be 
measured and those having values closest to the 
optimum used. The inductance values are too 
small to be measured with sufficient accuracy, so 
the filter should be adjusted as follows: 

First, mount Z; and C), short J; temporarily at 
its inner terminals, and adjust L; until the com- 
bination resonates at 200 Mc. as shown by a grid- 
dip meter. Next, remove the short from J; and 
connect Ly and Co, adjusting Le until the circuit 
formed by L;L2C\C2 resonates at 144 Me. Then 
disconnect Lz and mount Lg between C> and C3. 
Adjust L3 until the circuit L3CeC3 resonates at 
112 Me. Next, disconnect L3 and follow a similar 
procedure starting from the other end with Ls and 
C4. Finally, reconnect all coils and a check at any 
point in the filter should show resonance at 160 
Mce., the approximate cut-off frequency. 

The case for the 144-Mce. filter is made from 
flashing copper and is 114 inches square by 74% 
inches long. The main portion of the case is cut 
from a single piece with the end tabs folded 
down and soldered to the sides. Flanges are 
folded over at the bottom, and a cover is made to 
slip over these. 


Filter Installation 
In order to give the harmonic attenuation of 


Low-Pass Filters 


which it is capable, a low-pass filter must be in- 
stalled in such a way that all the output of the 
transmitter flows through it. If harmonic currents 
are permitted to flow on the outside of the con- 
necting coaxial cables, they will simply flow over 
the filter and on up to the antenna, and the filter 
does not have an opportunity to stop them. That 
is why it is so important to reduce the radiation 
from the transmitter and its leads to negligible 
proportions. 

Fig. 23-27 shows the proper way to install a 
filter between a shielded transmitter and a match- 
ing circuit. Note that the coax, together with the 
shields about the transmitter and filter, forms a 
continuous shield to keep all the r.f. inside. It is 
thus forced to flow through the filter and the 
harmonics are attenuated. If there is no harmonic 
energy left after passing through the filter, shield- 
ing from that point on is not necessary; conse- 
quently, the matching circuit or antenna coupler 
does not need to be shielded. However, the 
antenna-coupler chassis arrangement shown in 
Fig. 28-27 is desirable because it will tend to 
prevent fundamental-frequency energy from flow- 
ing from the matching circuit back over the 
transmitter; this helps eliminate feed-back trou- 
bles in audio systems. 

If the antenna is driven through coaxial line 
the matching circuit shown in Fig. 23-27 may 
be omitted. In that case the line goes directly 
from the filter to the antenna. 

When a filter does not seem to give the har- 
monic attenuation of which it should be capable, 
the probable reason is that harmonics are bypass- 
ing it because of improper installation and inade- 
quate transmitter shielding, including lead filter- 
ing. However, occasionally there are cases where 
the circuits formed by the cables and the appara- 
tus to which they connect become resonant at a 
harmonic frequency. This greatly 
increases the harmonic output at 
that frequency. Such troubles can be 
completely overcome by substitut- 
ing a slightly different cable length. 
The most critical length is that con- 
necting the transmitter to the filter. 


the basis of the design considerations outlined 
under “Reducing Harmonic Generation”’, 

2) Check all circuits, particularly those con- 
nected with the final amplifier, with the grid-dip 
meter to determine whether there are any reso- 
nances in the TV bands. If so, rearrange the cir- 
cuits so the resonances are moved out of the 
critical frequency region. 

3) Connect the transmitter to the dummy an- 
tenna and check with the wavemeter for the 
presence of harmonics on leads and around the 
transmitter enclosure. Seal off the weak spots in 
the shielding and filter the leads until the wave- 
meter shows no indication at any harmonic 
frequency. 

4) At this stage, check for interference with a 
TV receiver. If there is interference, determine 
the cause by the methods described previously 
and apply the recommended remedies until the 
interference disappears. 

5) When the transmitter is completely clean 
on the dummy antenna, connect it to the regular 
antenna and check for interference on the TV 
receiver. If the interference is not bad, an antenna 
coupler or matching circuit installed as previously 
described should clear it up. Alternatively, a low- 
pass filter may be used. If neither the antenna 
coupler nor filter makes any difference in the inter- 
ference, the evidence is strong that: the inter- 
ference, at least in part, is being caused by 
receiver overloading because of the strong funda- 
mental-frequency field about the TV antenna 
and receiver. (See later section for identification 
of fundamental-frequency interference.) A cou- 
pler and/or filter, installed as described above, 
will invariably make a difference in the intensity 
of the interference if the interference is caused by 
transmitter harmonics alone. 

6) If there is still interference after installing 
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Checking with a grid-dip meter at 
the final amplifier output coil usu- 
ally will show whether an _ un- 
favorable resonance of this type 


Fig. 23-27—The proper method of installing a low-pass filter between 
the transmitter and antenna coupler or matching circuit. If the antenna 
is fed through coax the matching circuit may be omitted but the same 
construction should be used between the transmitter and filter. The filter 


exists. 


@ SUMMARY 


The methods of harmonic elimination outlined 
in this chapter have been proved beyond doubt 
- to be effective even under highly unfavorable 
conditions. It must be emphasized once more, 
however, that the problem must be solved one 
step at a time, and the procedure must be in 
logical order. It cannot be done properly without 
two items of simple equipment: a grid-dip meter 
and wavemeter covering the TV bands, and a 
dummy antenna | 

The proper procedure may be summarized as 
follows: 

1) Take a critical look at the transmitter on 


should be thoroughly shielded. 


the coupler and/or filter, and the evidence shows 
that it is probably caused by a harmonic, more 
attenuation is needed. A more elaborate filter 
may be necessary. However, it is well at this stage 
to assume that part of the interference may be 
caused by receiver overloading, and take steps to 
alleviate such a condition before trying highly- 
elaborate filters, traps, etc., on the transmitter. 


@ HARMONICS BY RECTIFICATION 


Even though the transmitter is completely 
free from harmonic output it is still possible for 
interference to occur because of harmonics gen- 
erated outside the transmitter. These result from 
rectification of fundamental-frequency currents 
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induced in conductors in the vicinity of the 
transmitting antenna. Rectification can take 
place at any point where two conductors are in 
poor electrical contact, a condition that fre- 
quently exists in plumbing, downspouting, BX 
cables crossing each other, and numerous other 
places in the ordinary residence. It also can occur 
in any exposed vacuum tubes in the station, in 
power supplies, speech equipment, etc., that may 
not be enclosed in the shielding about the rf. 
circuits. Poor joints anywhere in the antenna 
system are especially bad, and rectification also 
may take place in the contacts of antenna change- 
over relays. Anotner common cause is overload- 
ing the front end of the communications receiver 
when it is used with a separate antenna (which 
will radiate the harmonics generated in the first 
tube) for break-in. 

Rectification of this sort will not only cause 
harmonic interference but also is frequently re- 
sponsible for cross-modulation effects. It can be 
detected in greater or less degree in most loca- 
tions, but fortunately the harmonics thus gen- 
erated are not usually of high amplitude. How- 
ever, they can cause considerable interference in 
the immediate vicinity in fringe areas, especially 
when operation is in the 28-Mc. band. The 
amplitude decreases rapidly with the order of the 
harmonic, the second and third being the worst. 
It is ordinarily found that even in cases where 
destructive interference results from 28-Me. oper- 
ation the interference is comparatively mild from 
14 Mce., and is negligible at still lower frequencies. 

Nothing can be done at either the transmitter 
or receiver when rectification occurs. The remedy 
is to find the source and eliminate the poor con- 
tact either by separating the conductors or 
bonding them together. A crystal wavemeter 
(tuned to the fundamental frequency) is useful 
for hunting the source, by showing which con- 
ductors are carrying r.f. and, comparatively, 
how much. 

Interference of this kind is frequently inter- 
mittent since the rectification efficiency will 
vary with vibration, the weather, and so on. The 
possibility of corroded contacts in the TV re- 
celving antenna should not be overlooked, es- 
pecially if it has been up a year or more. 


@ TV RECEIVER DEFICIENCIES 


Front-End Overloading 


When a television receiver is quite close to the 
transmitter, the intense r.f. signal from the trans- 
mitter’s fundamental may overload one or more 
of the receiver circuits to produce spurious re- 
sponses that cause interference. 

If the overload is moderate, the interference is 
of the same nature as harmonic interference; it is 
caused by harmonics generated in the early stages 
of the receiver and, since it occurs only on chan- 
nels harmonically related to the transmitting 
frequency, is difficult to distinguish from har- 
monics actually radiated by the transmitter. In 
such cases additional harmonic suppression at the 
transmitter will do no good, but any means taken 
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at the receiver to reduce the strength of the 
amateur signal reaching the first tube will effect 
an improvement. With very severe overloading, 
interference also will occur on channels not 
harmonically related to the transmitting fre- 
quency, so such cases are easily identified. 


Cross-Modulation 


Under some circumstances overloading will 
result in cross-modulation or mixing of the ama- 
teur signal with that from a local f.m. or TV sta- 
tion. For example, a 14-Mce. signal can mix with a 
92-Me. f.m. station to produce a beat at 78 Me. 
and cause interference in Channel 5, or with a 
TV station on Channel 5 to cause interference in 
Channel 3. Neither of the channels interfered 
with is in harmonic relationship to 14 Me. Both 
signals have to be on the air for the interference 
to occur, and eliminating either at the TV re- 
ceiver will eliminate the interference. 

There are many combinations of this type, 
depending on the band in use and the local fre- 
quency assignments to f.m. and TV stations. The 
interfering frequency is equal to the amateur 
fundamental frequency either added to or sub- 
tracted from the frequency of some local station, 
and when interference occurs in a TV channel 
that is not harmonically related to the amateur 
transmitting frequency the possibilities in such 
frequency combinations should be investigated. 


I. F. Interference 


Some TV receivers do not have sufficient selec- 
tivity to prevent strong signals in the intermedi- 
ate-frequency range from forcing their way 
through the front end and getting into the if. 
amplifier. The once-standard intermediate fre- 
quency of, roughly, 21 to 27 Mc., is subject to 
interference from the fundamental-frequency 
output. of transmitters operating in the 21-Me. 
band. Transmitters on 28 Me. sometimes will 
cause this type of interference as well. 

A form of i.f. interference peculiar to 50-Me. 
operation near the low edge of the band oc- 
curs with some receivers having the standard 
‘“‘41-Me.” i.f., which has the sound carrier at 
41.25 Me. and the picture carrier at 45.75 Me. 
A 50-Mce. signal that forces its way into the if. 
system of the receiver will beat with the if, 
picture carrier to give a spurious signal on or 
near the 1.f. sound carrier, even though the inter- 
fering signal is not actually in the nominal pass- 
band of the 1.f. amplifier. 

There is a type of i.f. interference unique to the 
144-Me. band in localities where certain u.hf. 
TV channels are in operation, affecting only 
those TV receivers in which double-conversion 
type plug-in u.hf. tuning strips are used. The 
design of these strips involves a first intermediate 
frequency that varies with the TV channel to be 
received and, depending on the particular strip 
design, this first i.f. may be in or close to the 
144-Mc. amateur band. Since there is com- 
paratively little selectivity in the TV signal- 
frequency circuits ahead of the first i.f., a signal 
from a 144-Mc. transmitter will ‘‘ride into” the 
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if., even when the receiver is at a considerable 
distance from the transmitter. The channels that 
can be affected by this type of i.f. interference are: 


Receivers with 
41-Mc. 
second 1.f. 
Channels 20-25, inc. 
Channels 51-58, ine. 
Channels 82 and 83. 


Receivers with 
21-Mc. 
second 1.f. 
Channels 14-18, inc. 
Channels 41-48, inc. 
Channels 69-77, inc. 


If the receiver is not close to the transmitter, a 
trap of the type shown in Fig. 23-30 will be effec- 
tive. However, if the separation is small the 
144-Mce. signal will be picked up directly on the 
receiver circuits and the best solution is to read- 
just the strip oscillator so that the first if. is 
moved to a frequency not in the vicinity of the 
144-Me. band. This has to be done by a com- 
petent technician. 

Lf. interference is easily identified since it oc- 
curs on all channels — although sometimes the 
intensity varies from channel to channel — and 
the cross-hatch pattern it causes will rotate when 
the receiver’s fine-tuning control is varied. When 
the interference is caused by a harmonic, over- 
loading, or cross modulation, the structure of the 
interference pattern does not change (its intensity 
may change) as the fine-tuning control is varied. 


High-Pass Filters 


In all the above cases the interference can be 
eliminated if the fundamental signal strength can 
be reduced to a level that the receiver can handle. 
To accomplish this with signals on bands below 
30 Mce., the most satisfactory device is a high- 
pass filter having a cut-off frequency between 30 
and 54 Mc., installed at the tuner input terminals 
of the receiver. Circuits that have proved effec- 
tive are shown in Figs. 23-28 and 23-29. Fig. 
‘23-29 has one more section than the filters of 
Fig. 23-28 and as a consequence has somewhat 
better cut-off characteristics. All the circuits 
given are designed to have little or no effect on 
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Fig. 23-28—High-pass filters for installation at the TV 
receiver antenna terminals. A—balanced filter for 300- 
ohm line, B—for 75-ohm coaxial line. Important: Do not 
use a direct ground on the chassis of a transformerless 
receiver. Ground through a 0.001-uf. mica capacitor. 


ANT. TERMINALS 


the TV signals but will attenuate all signals 
lower in frequency than about 40 Me. These 
filters preferably should be constructed in some 
sort of shielding container, although shielding is 
not always necessary. The dashed lines in Fig. 
23-29 show how individual filter coils can be 
shielded from each other. The capacitors can be 
tubular ceramic units centered in holes in the 
partitions that separate the coils. 

Simple high-pass filters cannot always be applied 
successfully in the case of 50-Mc. transmissions, 
because they do not have sufficiently-sharp cut- 
off characteristics to give both good attenuation 
at 50-54 Me. and no attenuation above 54 Me. 
A more elaborate design capable of giving the 
required sharp cut-off has been described (Ladd, 
“*50-Mc. TVI — Its Causes and Cures,” QST, 
June and July, 1954). This article also contains 
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L522 TURNS NO. 30 ENAM CLOSE WOUND, '%" DIA, 


Fig. 23-29—Another type of high-pass filter for 300- 
ohm line. The coils may be wound on '%-inch diameter 
plastic knitting needles. Important: Do not use a direct 
ground on the chassis of a transformerless receiver. 
Ground through a 0.001-yf. mica capacitor. 


other information useful in coping with the 
TVI problems peculiar to 50-Mce. operation. 
As an alternative to such a filter, a high-Q wave 
trap tuned to the transmitting frequency may 
be used, suffering only the disadvantage that it is 
quite selective and therefore will protect a re- 
ceiver from overloading over only a small range 
of transmitting frequencies in the 50-Mce. band. 
A trap of this type using quarter-wave sections 
of Twin-Lead is shown in Fig. 23-30. These 
‘‘suck-out”’ traps, while absorbing energy at the 
frequency to which they are tuned, do not affect 
the receiver operation otherwise. The assembly 
should be slid along the TV antenna lead-in until 
the most effective position is found, and then fas- 
tened securely in place with Scotch Tape. An 
insulated tuning tool should be used for adjust- 
ment of the trimmer capacitor, since it is at a 
“hot” point and will show considerable body-ca- 
pacitance effect. 

High-pass filters are available commercially at 
moderate prices. In this connection, it should be 
understood by all parties concerned that while an 
amateur is responsible for harmonic radiation 
from his transmitter, it is no part of his responsi- 
bility to pay for or install filters, wave traps, ete. 
that may be required at the receiver to prevent 
interference caused by his fundamental frequency. 
The set owner should be advised to get in touch 
with the organization from which he purchased 
the receiver or which services it, to make ar- 
rangements for proper installation. Proper in- 
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Fig. 23-30—Absorption-type 
wave trap using sections of 300- 
ohm line tuned to have an electri- 
cal length of %4 wavelength at the 
transmitter frequency. Approxi- 


mate physical lengths (dimension 


Parallel open ends 
and connect to one 
terminal of condenser. 
Same on other side. 


and tape in place. 


stallation usually requires that the filter be in- 
stalled right at the input terminals of the rf. 
tuner of the TV set and not merely at the external 
antenna terminals, which may be at a considera- 
ble distance from the tuner. The question of cost 
is one to be settled between the set owner and the 
organization with which he deals. 

Some of the larger manufacturers of TV re- 
ceivers have instituted arrangements for cooper- 
ating with the set dealer in installing high-pass 
filters at no cost to the receiver owner. FCC- 
sponsored TVI Committees, now operating in 
many cities, have all the information necessary 
for effectuating such arrangements. To find out 
whether such a committee is functioning in your 
community, write to the FCC field office having 
jurisdiction over your location. A list of the field 
offices is contained in The Radio Amateur’s 
License Manual, published by ARRL. 

If the fundamental signal is getting into the 
receiver by way of the line cord a line filter such 
as that shown in Fig. 23-1 may help. To be most 
effective it should be installed inside the receiver 
chassis at the point where the cord enters, making 
the ground connections directly to chassis at this 
point. It may not be so helpful if placed between 
the line plug and the wall socket unless the r.f. is 
actually picked up on the house wiring rather 
than on the line cord itself, 


Antenna Installation 


Usually, the transmission line between the TV 
receiver and the actual TV antenna will pick up 
a great deal more energy from a nearby trans- 
mitter than the television receiving antenna itself. 
The currents induced on the TV transmission line 
in this case are of the ‘‘parallel” type, where the 
‘phase of the current is the same in both con- 
ductors. The line simply acts like two wires con- 
nected together to operate as one. If the receiver’s 
antenna input circuit were perfectly balanced it 
would reject these ‘‘parallel’”’ or “unbalance” 
signals and respond only to the true transmission- 
line (‘‘push-pull”’) currents; that is, only signals 
picked up on the actual antenna would cause a 
receiver response. However, no receiver is perfect 
in this respect, and many TV receivers will re- 
spond strongly to such parallel currents. The 
result is that the signals from a nearby amateur 
transmitter are much more intense at the first 
stage in the TV receiver than they would be if 
the receiver response were confined entirely to 
energy picked up on the TV antenna alone. 
This situation can be improved by using shielded 
transmission line — coax or, in the balanced 
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Put sections. flat against 
300-ohm line from ant. 


A) are 40 inches for 50 Mc. and 
11 inches for 144 Mc., allowing 
for the loading effect of the ca- 
pacitance at the open end. Two 
traps are used in parallel, one on 
each side of the line to the receiver. 


ort 
these ends 


form, ‘‘twinax’’ — for the receiving installation. 
For best results the line should terminate in a 
coax fitting on the receiver chassis, but if this is 
not possible the shield should be grounded to the 
chassis right at the antenna terminals. 

The use of shielded transmission line for the 
receiver also will be helpful in reducing ‘response 
to harmonics actually being radiated from the 
transmitter or transmitting antenna. In most 
receiving installations the transmission line is 
very much longer than the antenna itself, and is 
consequently far more exposed to the harmonic 
fields from the transmitter. Much of the har- 
monic pickup, therefore, is on the receiving 
transmission line when the transmitter and re- 
ceiver are quite close together. Shielded line, 
plus relocation of either the transmitting or 
receiving antenna to take advantage of directive 
effects, often will result in reducing overloading, 
as well as harmonic pickup, to a level that does 
not interfere with reception. 


@ U.H.F. TELEVISION — 


Harmonic TVI in the u.h.f. TV band is far 
less troublesome than in the v.h.f. band. Har- 
monics from transmitters operating below 30 
Me. are of such high order that they would 
normally be expected to be quite weak; in addi- 
tion, the components, circuit conditions and 
construction of low-frequency transmitters are 
such as to tend to prevent very strong harmonics 
from being generated in this region. However, 
this is not true of amateur v.h.f. transmitters, 
particularly those working in the 144-Mce. and 
higher bands. Here the problem is quite similar 
to that of the low v.h.f. TV band with respect 
to transmitters operating below 30 Me. 

There is one highly favorable factor in u.h.f. 
TV that does not exist in the most of the v.h.f. 
TV band: If harmonics are radiated, it is possible 
to move the transmitter frequency sufficiently 
(within the amateur band being used) to avoid 
interfering with a channel that may be in use in 
the locality. By restricting operation to a portion 
of the amateur band that will not result in 
harmonic interference, it is possible to avoid the 
necessity for taking extraordinary precautions to 
prevent harmonic radiation. 

The frequency assignment for u.h.f. television 
consists of seventy 6-megacycle channels (Nos. 
14 to 83, inclusive) beginning at 470 Me. and 
ending at 890 Mc. The harmonics from amateur 
bands above 50 Me. span the u.h.f. channels as 
shown in Table 23-I. Since the assignment plan 


TV Receiver Radiation 


TABLE 23-I 
Harmonic Relationship—Amateur V.H.F. Bands and U.H.F. TV Channels 


O- He DALY, 
Channel 
A ffected 


Fundamental 
Freq. Range 

144 .0-144.5 
144.5-146.0 
146 .0-147.5 
147 .5-148.0 


Amateur 


Band Harmonic 


144 Mc. 4th 


144.0-144. 
144.4-145. 
145.6-146. 
146 .8-148 


144-144. 
144 .33-145. 
145 .33-147. 
147 .33-148 


calls for a minimum separation of six channels 
between any two stations in one locality, there is 
ample opportunity to choose a fundamental fre- 
quency that will move a harmonic out of range 
of a local TV frequency. 


@ COLOR TELEVISION 


‘The color TV signal includes a subcarrier 
spaced 3.58 megacycles from the regular picture 
carrier (or 4.83. Mc. from the low edge of the 
channel) for transmitting the color informa- 
tion. Harmonics which fall in the color sub- 
carrier region can be expected to cause break-up 
of color in the received picture. This modifies the 
chart of Fig. 23-3 to introduce another ‘‘severe”’ 
region centering around 4.8 Mc. measured from 
the low-frequency edge of the channel. Hence 
with color television reception there is less oppor- 
tunity to avoid harmonic interference by choice 
of operating frequency. In other respects the 
problem of eliminating interference is the same 
as with black-and-white television. 


& INTERFERENCE FROM TV RECEIVERS 


The TV picture tube is swept horizontally by 
the electron beam 15,750 times per second, using 
a wave shape that has very high harmonic con- 
tent. The harmonics are of appreciable amplitude 
even at frequencies as high as 30 Me., and when 
radiated from the receiver can cause considerable 
interference to reception in the amateur bands. 
While measures to suppress radiation of this 
nature are required by FCC in currently manu- 
factured receivers, many older sets have had no 
such treatment. The interference takes the form 
of rather unstable, a.c.-modulated signals spaced 
at intervals of 15.75 ke. 

Studies have shown that the radiation takes 
place principally in three ways, in order of their 
importance: (1) from the a.c. line, through stray 
coupling to the sweep circuits; (2) from the 
antenna system, through similar coupling; (3) 
directly from the picture tube and sweep-circuit 


Weer LY. 
Fundamental Channel 
Freq. Range Affected 


220-220 .67 45 
220 .67-222 .67 46 
222 .67—-224 .67 47 
224 .67-225 48 


Amateur 
Band Harmonic 


220 Me. 3rd 


220-221 
221-222 .5° 


420-421 
421-424 
424-427 
427-430 
430-433 
433-436 
436-439 
439-442 
442-448 


wiring. Line radiation often can be reduced by 
bypassing the a.c. line cord to the chassis at 
the point of entry, although this is not com- 
pletely effective in all cases since the coupling 
may take place outside the chassis beyond the 
point where the by passing is done. Radiation 
from the antenna is usually suppressed by install- 
ing a high-pass filter on the receiver. The direct 
radiation requires shielding of high-potential 
leads and, in some receivers, additional by- 
passing in the sweep circuit; in severe cases, it 
may be necessary to line the cabinet with screen- 
ing or similar shielding material. 

Incidental radiation of this type from TV and 
broadcast receivers, when of sufficient intensity 
to cause serious interference to other radio serv- 
ices (such as amateur), is covered by Part 15 of 
the FCC rules. When such interference is caused, 
the user of the receiver is obligated to take steps 
to eliminate it. The owner of an offending receiver 
should be advised to contact the source from 
which the receiver was purchased for appropriate 
modification of the receiving installation. TV 
receiver dealers can obtain the necessary informa- 
tion from the set manufacturer. 

It is usually possible to reduce interference 
very considerably, without modifying the TV 
receiver, simply by having a good amateur-band 
receiving installation. The principles are the same 
as those used in reducing ‘‘hash” and other 
noise — use a good antenna, such as the trans- 
mitting antenna, for reception; install it as far 
as possible from a.c. circuits; use a good feeder 
system such as a properly balanced two-wire 
line or coax with the outer conductor grounded; 
use coax input to the receiver, with a matching 
circuit if necessary; and check the receiver to 
make sure that it does not pick up signals or 
noise with the antenna disconnected. These 
measures not only reduce interference from sweep 
radiation and a.c. line noise, but also build up 
the strength of the desired signal, so that the 
overall improvement in signal-to-interference 
ratio is very much worth-while. 


4 


965 


CHAPTER 24 


Operating a Station 


The enjoyment of our hobby comes mostly 
from the operation of our station once we have 
finished its construction. Upon the station and 
its operation depend the communication records 
that are made. The standing of individuals as 
amateurs and respect for the capabilities of the 
whole institution of amateur radio depend to a 
considerable extent on the practical communica- 
tions established by amateurs, the aggregate of 
all our station efforts. 

An operator with a slow, steady, clean-cut 
method of sending has a big advantage over 
the poor operator. The technique of speaking in 
connected thoughts and phrases is equally im- 
portant for the voice operator. Good sending is 
partly a matter of practice but patience and 
judgment are just as important qualities of an 
operator as a good “‘fist.’’ 

Operating knowledge embracing standard pro- 
cedures, development of skill in employing c.w. 
to expand the station range and operating effec- 
tiveness at minimum power levels and some net 
know-how are all essentials in achieving a trium- 
phant amateur experience with top station rec- 
ords, personal results, and demonstrations of 
what our stations can do in practical communi- 
cations. 


@ OPERATING COURTESY AND 
TOLERANCE 


Normal operating interests in amateur radio 
vary considerably. Some prefer to rag-chew, 
others handle traffic, others work DX, others 
concentrate on working certain areas, countries 
or states and still others get on for an occasional 
contact only to check a new transmitter or an- 
tenna. 

Interference is one of the things we amateurs 
have to live with. However, we can conduct our 
operating in a way designed to alleviate it as 
much as possible. Before putting the transmitter 
on the air, listen on your own frequency. If you 
hear stations engaged in communication on that 


“A LONG CALL 
IS UNNECESSARY” 
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frequency, stand by until you are sure no inter- 
ference will be caused by your operations, or 
shift to another frequency. No amateur or any 
group of amateurs has any exclusive claim to any 
frequency in any band. We must work together, 
each respecting the rights of others. Remember, 
those other chaps can cause you as much inter- 
ference as you cause them, sometimes more! 
In this chapter we’ll recount some fundamen- 
tals of operating success, cover major procedures 
for successful general work and include proper 
forms to use in message handling and other 
fields. Note also the sections on special activities, 
awards and organization. These permit us all to 
develop through our organization more success 
together than we could ever attain by separate 
uncoordinated efforts that overlook the precepts 
established through operating experience. 


@ c.w. PROCEDURE 


The best operators, both those using voice and 
c.w., observe certain operating procedures re- 
garded as “‘standard practice.” 

1) Calls. Calling stations may call efficiently 
by transmitting the call signal of the station 


-ealled three times, the letters DE, followed by 


one’s own station call sent three times. (Short 
calls with frequent ‘‘breaks” to listen have 
proved to be the best method.) Repeating the 
call of the station called four or five times and 
signing not more than two or three times has 
proved excellent practice, thus: WOBY W@BY 


WOBY WOBY WOBY DE WI1AW WIAW AR. 
CQ. The general-inquiry call (CQ) should be 
sent not more than five times without interspers- 
ing one’s station identification. The length oi 
repeated calls is carefully limited in intelligent 
amateur operating. (CQ is not to be used when 
testing or when the sender is not expecting or 
looking for an answer. Never send a CQ “‘blind.”’ 
Listen on the transmitting frequency first.) 

The directional CQ: To avoid useless answers 
and lessen QRM, every CQ call should be made 
informative when possible. Respect, do not an- 
swer, such calls not applicable to you. 


Examples: A United States station looking for 
any Hawaiian amateur calls: CQ KH6 CQ 
KH6 CQ KH6 DE W4IA W4IA W4IA K. A 
Western station with traffic for the East Coast 
when looking for an intermediate relay station 
calls: CQ EAST CQ EAST CQ EAST DE 
W5IGW W5IGW W5IGW K. A station with 
messages for points in Massachusetts calls: CQ. 
MASS CQ MASS CQ MASS DE W7CZY 
W7CZY W7CZY K. 


Hams who do not raise stations readily may 
find that their sending is poor, their calls ill-timed 
or their judgment in error. When conditions are 


C.W. Procedure 


right to bring in signals from the desired locality, 
you can call them. Short calls, at about the same 
frequency, with breaks to listen, will raise sta- 
tions with minimum time and trouble. 

2) Answering a Call: Call three times (or less) ; 
send DH; sign three times (or less); after contact 
is established decrease the use of the call signals 
of both stations to once or twice. When a station 
receives a call but does not receive the call letters 
of the station calling, QRZ? may be used. It 
means ‘‘By whom am I being called?”’ QRZ 
should not be used in place of CQ. 

3) Ending Signals and Sign-Off: The proper 
use of AR, K, KN, SK and CL ending signals is 
as follows: 


AR—End of transmission. Recommended 
after call to a specific station before contact has 
been established. 


Example: W6ABC W6ABC W6ABC W6ABC 
W6ABC DE W9LMN W9LMN AR. Also at the 
end of transmission of a radiogram, immediately 
following the signature, preceding identification. 

K — Go ahead (any station). Recommended 
after CQ and at the end of each transmission 
during QSO when there is no objection to others 
breaking in. 


Example: CQ CQ CQ DE WIABC WIABC 
K or W9XYZ DE W1ABC K. 


KN — Go ahead (specific station), all others 
keep out. Recommended at the end of each 
transmission during a QSO, or after a call, when 
calls from other stations are not desired and will 
not be answered. 


Example: W4FGH DE XU6GRL KN. 


SK — End _ of QSO. Recommended before 
signing last transmission at end of a QSO. 


Example: .... SK W8LMN DE W5BCD. 


CL—I am closing station. Recommended 
when a station is going off the air, to indicate 
that it will not listen for any further calls. 


Example: .... SK W7HIJ DE W2JKL CL. 


4) Testing. When it is necessary for a station 
to make test signals they must not continue for 
more than 10 seconds and must be composed of a 
series of VVV followed by the call sign of the 
station emitting the test signals. Always listen 
first to find a clear spot if possible, to avoid 
causing unwarranted QRM of a QSO in progress. 

5) Recetpting for conversation or traffic: Never 
receipt for a transmission until it has been en- 
tirely received. ‘‘R’’ means ‘‘transmission re- 
ceived as sent.’’ Use R only when all is received 
correctly. 

6) Repeats. When most of a transmission is 
lost, a call should be followed by correct abbre- 
viations to ask for repeats. When a few words on 
the end of a transmission are lost, the last word 
received correctly is given after ?7AA, meaning ‘‘all 
after.’”? When a few words at the beginning of a 
transmission are lost, ?AB for ‘‘all before” a 
stated word should be used. The quickest way 
to ask for a fill in the middle of a transmission is 
to send the last word received correctly, a ques- 


tion mark, then the next word received correctly. 
Another way is to send “‘?BN [word] and [word].”’ 

Do not send words twice (QSZ) unless it is 
requested. Send single. Do not fall into the bad 
habit of sending double without a request from 
fellows you work. Don’t say ““QRM” or “QRN”’ 
when you mean ‘‘QRS.”’ Don’t CQ unless there 
is definite reason for so doing. When sending 
CQ, use judgment. 


General Practices 


When a station has receiving trouble, the oper- 
ator asks the transmitting station to ‘“QSV.” 
The letter ‘‘R”’ is often used in place of a decimal 
point (e.g., ““8R5 Me.’’) or the colon in time 
designation (e.g., “‘2R30 PM’”’). A long dash is 
sometimes sent for “zero.” 

The law concerning superfluous signals should 
be noted. If you must test, disconnect the antenna 
system and use an equivalent ‘‘dummy” an- 
tenna. Send your call frequently when operating. 
Pick a time for adjusting the station apparatus 
when few stations will be bothered. 

The up-to-date amateur station uses ‘‘break- 
in.” For best results send at a medium speed. 
Send evenly with proper spacing. The standard- 
type telegraph key is best for all-round use. 
Regular daily practice periods, two or three 
periods a day, are best to acquire real familiarity 
and proficiency with code. 

No excuse can be made for ‘‘garbled”’ copy. 
Operators should copy what is sent and refuse to 
acknowledge a whole transmission until every 
word has been received correctly. Good operators 
do not guess. ‘“‘Swing”’ in a fist is not the mark of 
a good operator. Unusual words are sent twice, 
the word repeated following the transmission of 
“2” Tf not swre, a good operator systematically 
asks for a fill or repeat. Sign your call frequently, 
interspersed with calls, and at the end of all 
transmissions, 


On Good Sending 


Assuming that an operator has learned sending 
properly, and comes up with a precision “‘fist”’ 
—not fast, but clean, steady, making well- 
formed rhythmical characters and spacing beau- 
tiful to listen to — he then becomes subject to 
outside pressures to his own possible detriment 
in everyday operating. He will want to ‘‘speed 
it up’’ because the operator at the other end is 
going faster, and so he begins, unconsciously, to 
run his words together or develops a ‘‘swing.”’ 

Perhaps one of the easiest ways to get into 
bad habits is to do too much playing around 
with special keys. Too many operators spend 
only enough time with a straight key to acquire 
‘“nassable’”’ sending, then subject their newly- 
developed ‘‘fists’” to the entirely different move- 
ments of bugs, side-swipers, electronic keys, or 
what-have-you. All too often, this results in the 
ruination of what might have become a very good 
*fist.”’ 

Think about your sending a little. Are you 
satisfied with it? You should not be — ever. 
Nobody’s sending is perfect, and therefore every 
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operator should continually strive for improve- 
ment. Do you ever run letters together — like Q 
for MA, or P for AN — especially when you are 
in a hurry? Practically everybody does at one 
time or another. Do you have a “swing”? Any 
recognizable ‘‘swing” is a deviation from per- 
fection. Strive to send like tape sending; copy a 
W1AW Bulletin and try to send it with the same 
spacing using a local oscillator on a subsequent 
transmission. 

Check your spacing in characters, between 
characters and between: words occasionally by 
making a recording of your fist on an inked tape 
recorder. This will show up your faults as noth- 
ing else will. Practice the correction of faults. 


ee USING A BREAK-IN SYSTEM 


Break-in avoids unnecessarily long calls, pre- 
vents QRM, gives more communication per hour 
of operating. Brief calls with frequent short 
pauses for reply can approach (but not equal) 
break-in efficiency. 

A separate receiving antenna facilitates break- 
in operation. It is only necessary with break-in 
to pause just a moment with the key up (or to 
cut the carrier momentarily and pause in a 
phone conversation) to listen for the other sta- 
tion. The click when the carrier is cut off is as 
effective as the word “break.” 

C.w. telegraphy break-in is usually simple to 
arrange. With break-in, ideas and messages to 
be transmitted can be pulled right through the 
holes in the QRM. Snappy, efficient amateur 
work with break-in usually requires a separate 
receiving antenna and arrangement of the trans- 
mitter and receiver to eliminate the necessity for 
throwing switches between transmissions. 

In calling, the transmitting operator sends the 
letters ‘‘BK” at intervals during his call so that 
stations hearing the call may know that break-in 
is in use and take advantage of the fact. He pauses 
at intervals during his call, to listen for a moment 
for a reply. If the station being called does not 
answer, the call can be continued. 

With a tap of the key, the man on the receiv- 
ing end can interrupt (if a word is missed). The 
other operator is constantly monitoring, await- 
ing just such directions. It is not necessary that 
you have perfect facilities to take advantage of 
break-in when the stations you work are break-in- 
equipped. After any invitation to break is given 
(and at each pause) press your key — and con- 
tact can start ¢mmediately. 


@ VOICE OPERATING 


The use of proper procedure to get best results 
is just as important as in using code. In telegra- 
phy words must be spelled out letter by letter. 
It is therefore but natural that abbreviations 
and shortcuts should have come into widespread 
use. In voice work, however, abbreviations are 
not necessary, and should have less importance 
in our operating procedure. 
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Voice-Operating Hints 


1) Listen before calling. 

2) Make short calls with breaks to listen. Avoid 
long CQs; do not answer over-long CQs. 

3) Use push-to-talk or voice control. Give essen- 
tial data concisely in first transmission. 

4) Make reports honest. Use definitions of 
strength and readability for reference. Make your 
reports informative and useful. Honest reports 
and full word description of signals save amateur 
operators from FCC trouble. 

5) Limit transmission length. Two minutes or 
less will convey much information. When three or 
more stations converse in round tables, brevity is 
essential. 

6) Display sportsmanship and courtesy. Bands 
are congested . . . make transmissions meaningful 
. .. give others a break. 

7) Check transmitter 


adjustment ... avoid 


a.m. overmodulation and splatter. On s.s.b. check 
carrier balance carefully. Do not radiate when mov- 
ing v.f.o. frequency or checking n,f.m. swing. Use 
receiver b.f.o. to check stability of signal. Complete 
testing before busy hours! 


The letter ““K”’ has been agreed to in tele- 
graphic practice so that the operator will not 
have to pound out the separate letters that spell 
the words ‘‘go ahead.”’ The voice operator can 
say the words ‘‘go ahead”’ or ‘‘over,” or ‘‘come 
in please.” 

One laughs on c.w. by spelling out HI. On 
phone use a laugh when one is called for. Be nat- 
ural as you would with your family and friends. 

The matter of reporting readability and strength 
is as important to phone operators as to those 
using code. With telegraph nomenclature, it is 
necessary to spell out words to describe signals 
or use abbreviated signal reports. But on voice, we 
have the ability to “say it with words.’’ ‘‘Read- 
ability four, Strength eight” is the best way to 
give a quantitative report. Reporting can be done 
so much more meaningfully with ordinary words: 
‘““You are weak but you are in the clear and I can 
understand you, so go ahead,’’ or ‘‘ Your signal 
is strong but you are buried under local inter- 
ference.’ Why not say it with words? 


Voice Equivalents to Code Procedure 


Voice Code Meaning 
Go ahead; over K_ Self-explanatory 
Wait; stand by AS Self-explanatory 
Received R Receipt for a cor- 


rectly-transcribed 
message or for 
‘‘solid’’ transmission 
with no missing por- 
tions 


Phone-Operating Practice 


. Efficient voice communication, like good c.w. 
communication, demands good operating. Ad- 
herence to certain points ‘‘on getting results” 
will go a long way toward improving our phone- 
band operating conditions. 

Use push-to-talk technique. Where possible ar- 
range on-off switches, controls or voice-controlled 
break-in for fast back-and-forth exchanges that 
emulate the practicality of the wire telephone. 
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Voice Operating 


This will help reduce the length of transmissions 
and keep brother amateurs from calling you a 
“‘monologuist’”” — a guy who likes to hear him- 
self talk! 

Listen with care. Keep noise and “back- 
grounds” out of your operating room to facilitate 
good listening. It is natural to answer the strong- 
est signal, but take time to listen and give some 
consideration to the best signals, regardless of 
strength. Every amateur cannot run a kilowatt, 
but there is no reason why every amateur cannot 
have a signal of good quality, and utilize uniform 
operating practices to aid in the understanda- 
bility and ease of his own communications. 

Interpose your call regularly and at frequent 
untervals. Three short calls are better than one 
long one. In calling CQ, one’s call should certainly 
appear at least once for every five or six CQs. 
Calls with frequent breaks to listen will save 
time and be most productive of results. In iden- 
tifying, always transmit your own call last. Don’t 
say ‘This is W1ABC standing by for W2DEF”; 
say ‘“W2DEF, this is W1ABC, over.” FCC regu- 
lations show the call of the transmitting station 
sent last. 

Include country prefix before call. It is not cor- 
rect to say “9RRX, this is 1BDI.’’ Correct and 
legal use is ‘‘W9RRX, this is WIBDI.” FCC 
regulations require proper use of calls; stations 
have been cited for failure to comply with this 
requirement. 

Monitor your-own frequency. This helps in tim- 
ing calls and transmissions. Transmit when there 
is a chance of being copied successfully — not 
when you are merely ‘‘more QRM.” Timing 
transmissions is an art to cultivate. | 

Keep modulation constant. By turning the gain 
‘wide open” you are subjecting anyone listening 
to the diversion of whatever noises are present in 
or near your operating room, to say nothing of 
the possibility of feedback, echo due to poor 
acoustics, and modulation excesses due to sudden 
loud noises. Speak near the microphone, and 
don’t let your gaze wander all over the station 
causing sharply-varying input to your speech 
amplifier; at the same time, keep far enough from 
the microphone so your signal is not modulated 
by your breathing. Change distance or gain only 
as necessary to insure uniform transmitter per- 
formance without overmodulation, splatter or 
distortion. 

Make connected thoughts and phrases. Don’t mix 
disconnected subjects. Ask questions consistently. 
Pause and get answers. 

Have a pad of paper handy. It is convenient 
and desirable to jot down questions as they come 
in the course of discussion in order not to miss 
any. It will help you to make intelligent to-the- 
point replies. 

Steer clear of inanities and soap-opera stuff. Our 
amateur radio and also our personal reputation 
as serious communications workers depend on us. 

Avoid repetition. Don’t repeat back what the 
other fellow has just said. Too often we hear a 
conversation like this: “Okay on your new an- 
tenna there, okay on the trouble you’re having 


with your receiver, okay on the company who 
just came in with some ice cream, okay... 
[etc.].” Just say you received everything O.K. 
Don’t try to prove it. 

Use phonetics only as required. When clarifying 
genuinely doubtful expressions and in getting 
your call identified positively we suggest use of 
the ARRL Phonetic List. Limit such use to 
really-necessary clarification. 

The speed of radiotelephone transmission (with 
perfect accuracy) depends almost entirely upon 
the skill of the two operators involved. One must 
learn to speak at a rate allowing perfect under- 
standing as well as permitting the receiving 
operator to copy down the message text, if that 
is necessary. Because of the similarity of many 
English speech sounds, the use of alphabetical 


_word lists has been found necessary. All voice- 


operated stations should use a standard list as 
needed to identify call signals or unfamiliar 
expressions. 


ARRL Word List for Radiotelephony 


ADAM JOHN SUSAN 
BAKER KING THOMAS 
CHARLIE LEWIS UNION 
DAVID MARY VICTOR 
EDWARD NANCY WILLIAM 
FRANK OTTO X-RAY 
GEORGE PETER YOUNG 
HENRY QUEEN ZEBRA 
IDA ROBERT 


Example: W1AW ...W1ADAM WILLIAM... W1AW 


Round Tables. The round table has many ad- 
vantages if run properly. It clears frequencies of 
interference, especially if all stations involved 
are on the same frequency, while the enjoyment 
value remains the same, if not greater. By use of 
push-to-talk, the conversation can be kept lively 
and interesting, giving each station operator 
ample opportunity to participate without wait- 
ing overlong for his turn. 

Round tables can become very unpopular if 
they are not conducted properly. The monologu- 
ist, off on a long spiel about nothing in particular, 
cannot be interrupted; make your transmissions 
short and to the point. ‘‘ Butting in”’ is discourteous 
and unsportsmanlike; don’t enter a round table, or 
any contact between two other amateurs, unless you 
are invited. It is bad enough trying to copy 
through prevailing interference without the added 
difficulty of poor voice quality; check your trans- 
mitter adjustments frequently. In general, follow 
the precepts as hereinbefore outlined for the 
most enjoyment in round tables as well as any 
other form of radiotelephone communication. 


@ worRKING Dx 


Most amateurs at one time or another make 
“working DX” a major aim. As in every other 
phase of amateur work, there are right and wrong 
ways to go about getting best results in working 
foreign stations, and it is the intention of this 
section to outline a few of them. 

The ham who has trouble raising DX stations 
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readily may find that poor transmitter efficiency 
is not the reason. He may find that his sending 
is poor, or his calls ill-timed, or his judgment in 
error. When conditions are right to bring in the 
DX, and the receiver sensitive enough to bring 
in several stations from the desired locality, the 
way to work DX is to use the appropriate fre- 
quency and timing and call these stations, as 
against the common practice of calling ‘“‘CQ 
18D. Che. 

The call CQ DX means slightly different things 
to amateurs in different bands: 

a) On v.h.f., CQ DX is a general call ordi- 
narily used only when the band is open, under 
favorable “‘skip”’ conditions. For v.h.f. work, 
such a call is used for looking for new states and 
countries, also for distances beyond the custom- 
ary “line-of-sight”? range on most v.h.f. bands. 

b) CQ DX 0n our 7-, 14-, 21- and 28-Mc. bands 
may be taken to mean ‘‘General call to any for- 
eign station.”’ The term “foreign station”’ usually 
refers to any station in a foreign continent. (H2- 
perienced amateurs in the U. S. A. and Canada 
do not use this call, but answer such calls made 
by foreign stations.) 


DX OPERATING CODE 
(For W/VE Amateurs) 


Some amateurs interested in DX work have 
caused considerable confusion and QRM in their 
efforts to work DX stations. The points below, if 
observed by all W/VE amateurs, will go a long way 
toward making DX more enjoyable for everybody. 


1. Call DX only after he calls CQ, QRZ?, signs 
SK, or phone equivalents thereof 


2. Do not call a DX station: 
a. On the frequency of the station he is work- 
ing until you are sure the QSO is over. This 


is indicated by the ending signal SK on 
c.w. and any indication that the operator 
is listening, on phone. 

b. Because you hear someone else calling him. 


c. When he signs KN, AR, CL, or phone 
equivalents 

d. Exactly on his frequency. 

e. After he calls a directional CQ, unless of 
‘course you are in the right direction or area. 


3. Keep within frequency-band limits. Some DX 
stations operate outside. Perhaps they can get 
away with it, but you cannot 


4. Observe calling instructions of DX stations. 
“10U ”” means call ten ke. up from his frequency, 
“15D” means 15 ke. down, ete. 


5. Give honest reports. Many foreign stations 
depend on W and VE reports for adjustment of 
station and equipment, 


6. Keep your signal clean. Key clicks, chirps, 
hum or splatter give you a bad reputation and may 
get you a citation from FCC. 


7. Listen for and call the station you want. Calling 
CQ DX is not the best assurance that the rare DX 
will reply 

8. When there are several W or VE stations wait- 
ing to work a DX station, avoid asking him to 
“listen for a friend.’”’ Let your friend take his 
chances with the rest. Also avoid engaging DX sta- 
tions in rag-chews against their wishes 
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c) CQ DX used on 3.5 Me. under winter-night 
conditions may be used in this same manner. At 
other times, under average 3.5-Mc. propagation 
conditions, the call may be used in domestic 
work when looking for new states or countries in 
one’s own continent, usually applying to stations 
located over 1000 miles distant from you. 

The way to work DX is not to use a CQ call 
at all (in our continent). Instead, use your best 
tuning skill— and _ listen — and_ listen — and 
listen. You have to hear them before you can work 
them. Hear the desired stations first; time your 
calls well. Use your utmost skill. A sensitive re- 
ceiver is often more important than the power 
input in working foreign stations. If you can hear 
stations in a particular country or area, chances 
are that you will be able to work someone there. 
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*__.DOA LOT OF SNOOPING” 


One of the most effective ways to work DX is 
to know the operating habits of the DX stations 
sought. Doing too much transmitting on the DX 
bands is not the way to do this. Again, listening 
is effective. Once you know the operating habits 
of the DX station you are after you will know 
when and where to call, and when to remain 
silent waiting your chance 

Some DX stations indicate where they will 
tune for replies by use of ““10U” or ‘‘15D.” (See 
point 4 of the DX Operating Code.) In voice 
work the overseas operator may say “‘listening 
on 14,225 ke.” or “tuning upward from 28,500 
ke.” Many a DX station will not reply to a call 
on his exact frequency. 

ARRL has recommended some operating pro- 
cedures to DX stations aimed at controlling 
some of the thoughtless operating practices 
sometimes used by W/VE amateurs. A copy of 
these recommendations (Operating Aid No. 5) 
can be obtained free of charge from ARRL Head- 
quarters. 

In any band, particularly at line-of-sight fre- 
quencies, when directional antennas are used, 
the directional CQ such as CQ W5, CQ north, 
ete., is the preferable type of call. Mature ama- 
teurs agree that CQ DX is a wishful rather than 
a practical type of call for most stations in the 
North Americas looking for foreign contacts. 
Ordinarily, it is a cause of unnecessary QRM. 

Conditions in the transmission medium often 
make it possible for the signals from low-powered 
transmitters to be received at great distances. 
In general, the higher the frequency band the 
less important power considerations become, for 
occasional DX work. This accounts in part for 
the relative popularity of the 14-, 21- and 28-Mc. 
bands among amateurs who like to work DX. 
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KEEP AN ACCURATE AND COMPLETE STATION LOG AT ALL TIMES! F.C.C. REQUIRES IT. 


A page from the official ARRL log is shown above, answering every Government requirement in respect fo station records. 

Bound logs made up in accord with the above form can be obtained from Headquarters for a nominal sum or you can 

prepare your own, in which case we offer this form as a suggestion. The ARRL log has a special wire binding and lies 
perfectly flat on the table. 


@ KEEPING AN AMATEUR 
STATION LOG 


The FCC requires every amateur to keep a 
complete station operating record. It may also 
contain records of experimental tests and adjust- 
ment data. A stenographer’s notebook can be 
ruled with vertical lines in any form to suit the 
user. The Federal Communications Commission 
requirements are that a log be maintained that 
shows (1) the date and time of each transmission, 
(2) all calls and transmissions made (whether 
two-way contacts resulted or not), (3) the input 


power to the last stage of the transmitter, (4) 
the frequency band used, (5) the time of ending 
each QSO and the operator’s identifying signa- 
ture for responsibility for each session of operat- 
ing. Messages may be written in the log or sepa- 
rate records kept — but record must be retained 
for one year as required by the FCC. For the 
convenience of amateur station operators ARRL 
stocks both logbooks and message blanks, and if 
one uses the official log he is sure to comply fully 
with the Government requirements if the pre- 
cautions and suggestions included in the log are 
followed. 


Message Handling 


Amateur operators in the United States and 
a few other countries enjoy a privilege not avail- 
able to amateurs in most countries — that of 
handling third-party message traffic. In the early 
history of amateur radio in this country, some 
amateurs who were among the first to take ad- 
vantage of this privilege formed an extensive 
relay organization which became known as the 
American Radio Relay League. 

Thus, amateur message-handling has had a 
long and honorable history and, like most serv- 
ices, has gone through many periods of develop- 
ment and change. Those amateurs who handled 
traffic in 1914 would hardly recognize it the way 
some of us do it today, just as equipment in 
those days was far different from that in use 
now. Progress has been made and new methods 
have been developed in step with advancement 
in communication techniques of all kinds. Ama- 
teurs who handled a lot of traffic found that or- 
ganized operating schedules were more effective 
than random relays, and as techniques ad- 
vanced and messages increased in number, trunk 
lines were organized, spot frequencies began to 
be used, and there sprang into existence a num- 
ber of traffic nets in which many stations oper- 
ated on the same frequency to effect wider cov- 


erage in less time with fewer relays; but the old 
methods are still available to the amateur who 
handles only an occasional message. 

Although message handling is as old an art as 
is amateur radio itself, there are many amateurs 
who do not know how to handle a message and 
have never done so. As each amateur grows 
older and gains experience in the amateur serv- 
ice, there is bound to come a time when he will 
be called upon to handle a written message, 
during a communications emergency, in casual 
contact with one of his many acquaintances on 
the air, or as a result of a request from a non- 
amateur friend. Regardless of the occasion, if it 
comes to you, you will want to rise to it! Con- 
siderable embarrassment is likely to be experi- 
enced by the amateur who finds he not only does 
not know the form in which the message should 
be prepared, but does not know what to do with 
the message once it has been filed or received in 
his station. 

Traffic work need not be a complicated or 
time-consuming activity for the casual or occa- 
sional message-handler. Amateurs may partici- 
pate in traffic work to whatever extent they wish, 
from an occasional message now and then to 
becoming a part of organized traffic systems. 
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This chapter explains some principles so the 
reader may know where to find out more about 
the subject and may exercise the message-han- 
dling privilege to best effect as the spirit and 
opportunity arise. 


Responsibility 


Amateurs who originate messages for trans- 
mission or who receive messages for relay or 
delivery should first consider that in doing so 
they are accepting the responsibility of clearing 
the message from their station on its way to its 
destination in the shortest possible time. Forty- 
eight hours after filing or receipt is the generally- 
accepted rule among traffic-handling amateurs, 
but it is obvious that if every amateur who 
relayed the message allowed it- to remain in his 
station this long it might be a long time reaching 
its destination. Traffic should be relayed or de- 
livered as quickly as possible. 


Message Form 


Once this responsibility is realized and ac- 
cepted, handling the message becomes a matter 
of following generally-accepted standards of 
form and transmission. For this purpose, each 
message is divided into four parts: the preamble, 
the address, the text and the signature. Some of 
these parts themselves are subdivided. It is nec- 
essary in preparing the message for transmission 
and in actually transmitting it to know not only 
what each part is and what it is for, but to know 
in what order it should be transmitted, and to 
know the various procedure signals used with it 
when sent by c.w. If you are going to send a 
message, you may as well send it right. 

Standardization is important! There is a great 
deal of room for expressing originality and indi- 
viduality in amateur radio, but there are also 
times and places where such expression can only 
cause confusion and inefficiency. Recognizing 
the need for standardization in message form 
and message transmitting procedures, ARRL 
has long since recommended such standards, and 
most traffic-interested amateurs have followed 
them. In general, these recommendations, and 
the various changes they have undergone from 
year to year, have been at the request of ama- 
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Here is an example of a plain-language message in 

correct ARRL form. The preamble is always sent as shown: 

number, station of origin, check, place of origin, time 
filed, date. 
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teurs participating in this activity, and they are 
completely outlined and explained in Operating 
an Amateur Radio Station, a copy of which is 
available upon request or by use of the coupon 
at the end of this chapter. 


Clearing a Message 


The best way to clear a message is to put it 
into one of the many organized traffic networks, 
or to give it to a station who can do so. There 
are many amateurs who make the handling of 
traffic their principal operating activity, and 
many more still who participate in this activity 
to a greater or lesser extent. The result is a sys- 
tem of traffic nets which spreads to all corners of 
the United States and covers most U. S. posses- 
sions and Canada. Once a message gets into one 
of these nets, regardless of the net’s size or cov- 
erage, it is systematically routed toward its des- 
tination in the shortest possible time. 

Amateurs not experienced in message handling 
should depend on the experienced message- 
handler to get a message through, if it is impor- 
tant; but the average amateur can enjoy operat- 
ing with a message to be handled either through 
a local traffic net or by free-lancing. The latter 
may be accomplished by careful listening for an 
amateur station at desired points, directional 
CQs, use of the National Calling and Emergency 
frequencies, or by making and keeping a schedule 
with another amateur for regular work between 
specified points. He may well aim at learning and 
enjoying through doing. The joy and accomplish- 
ment in thus developing one’s operating skill to 
top perfection has a reward all its own. 

If you decide to “take the bull by the horns” 
and put the message into a traffic net yourself 
(and more power to you if you do!), you will 
need to know something about how traffic nets 
operate, and the special Q signals and procedure 
they use to dispatch all traffic with a maximum 
of efficiency. Reference to net lists in QST (usu- 
ally in the November and January issues) will 
give you the frequency and operating time of the 
net in your section, or of other nets into which 
your message can go. Listening for a few minutes 
at the time and frequency indicated should ac- 
quaint you with enough fundamentals to enable 
you to report into the net and indicate your 
traffic. From that time on you follow the instruc- 
tions of the net control station, who will tell you 
when and to whom (and on what frequency, if 
different from the net frequency) to send your 
message. Since most nets use the special “QN” 
signals, it is usually very helpful to have a list 
of these before you (list available from ARRL 
Hq., Operating Aid No. 9). 


Network Operation 


About this time, you may find that you are 
enjoying this type of operating activity and want 
to know more about it and increase your pro- 
ficiency. Many amateurs are happily ‘‘addicted”’ 
to traffic handling after only one or two brief 
exposures to it. Much traffic is at present being 
conducted by c.w., since this mode of com- 


Emergency Communication 


munication seems to be popular for record pur- 
poses — but this does not mean that high code 
speed is a necessary prerequisite to working in 
traffic networks. There are many nets organized 
specifically for the slow-speed amateur, and most 
of the so-called ‘‘fast’’ nets are usually glad to 
slow down to accommodate slower operators, es- 
pecially those nets at state or section level. 

It is a significant operating fact that code 
speed or word speed alone does not make for 
efficiency — sometimes the contrary! A high- 
speed operator who does not know procedure 
can “foul up” a net much more completely 
and more quickly than can a slow operator. 
It is a proven fact that a bunch of high-speed 
operators who are not “‘savvy”’ in net operation 
cannot accomplish as much during a specified 
period as an equal number of slow operators who. 
know net procedure. Don’t let low code speed 
deter you from getting into traffic work. Given 
a little time, your speed will reach the point 
where you can compete with the best of them. 
Concentrate first on learning net procedure, for 
most traffic nowadays is handled on nets. 
Much traffic is also handled on phone. This 
mode is exceptionally well suited to short-range 
traffic work and requires knowledge of phonetics 
and procedure peculiar to voice operation. Pro- 
cedure is of paramount importance on phone, 
since the public may be listening. The major 
problem, of course, is QRM. 

Teamwork is the theme of net operation. The 
net which functions most efficiently is the net 
in which all participants are thoroughly familiar 
with the procedure used, and in which operators 
refrain from transmitting except at the direction 
of the net contro] station, and do not occupy time 
with extraneous comments, even the exchange 
of pleasantries. There is a time and place for 
everything. When a net is in session it should 
concentrate on handling traffic until all traffic is 
cleared. Before or after the net is the time for 
rag-chewing and discussion. Some details of net 
operation are included in Operating an Amateur 
Radio Station, mentioned earlier, but the whole 
story cannot be told. There is no substitute for 
actual participation. 


The National Traffic System 


To facilitate and speed the movement of mes- 
sage traffic, there is in existence an integrated 
national system by means of which originated 
traffic can normally reach its destination area 
the same day the message is originated. This sys- 
tem uses the local section net as a basis. Each 
section net sends a representative to a “‘regional”’ 
net (normally covering a call area) and each 
‘regional’? net sends a representative to an 
‘“‘area”’ net (normally covering a time zone). 
After the area net has cleared all its traffic, its 
members then go back to their respective re- 
gional nets, where they clear traffic to the various 
section net representatives. By means of con- 
necting schedules between the area nets, traffic 
can flow both ways so that traffic originated on 
the West Coast reaches the East Coast with a 
maximum of dispatch, and vice versa. In general 
local section nets function at 1900, regional nets 
at 1945, area nets at 2030 and the same or 
different regional personnel again at 2130. Some 
section nets conduct a late session at 2200 to 
efteet traffic delivery the same night. Local 
standard time is referred to in each case. 

The NTS plan somewhat spreads traffic oppor- 
tunity so that casual traffic may be reported into 
nets for efficient handling one or two nights per 
week, early or late; or the ardent traffic man can 
operate in both early and late groups and in 
between to roll up impressive totals and speed 
traffic reliably to its destination. Old-time traffic 
men who prefer a high degree of organization 
and teamwork have returned to the traffic game 
as a result of the new system. Beginners have 
shown more interest in becoming part of a sys- 
tem nationwide in scope, in which anyone can 
participate. The National Traffic System has 
vast and intriguing possibilities as an amateur 
service. It is open to any amateur who wishes to 
participate. 

The above is but the briefest résumé of what 
is of necessity a rather complicated arrangement 
of nets and schedules. Complete details of the 
System and its operation are available to anyone 
interested. Just drop a line to ARRL Head- 
quarters. 


Emergency Communication 


One of the most important ways in which the 
amateur serves the public, thus making his ex- 
istence a national asset, is by his preparation for 
and his participation in communications emer- 
gencies.° Every amateur, regardless of the extent 
of his normal operating activities, should give 
some thought to the possibility of his being the 
only means of communication should his com- 
munity be cut off from the outside world. It has 
happened many times, often in the most unlikely 
places; it has happened without warning, finding 
some amateurs totally unprepared; it can happen 
to you. Are you ready? 

There are two principal ways in which any 
amateur can prepare himself for such an even- 
tuality. One is to provide himself with equip- 


ment capable of operating on any type of emer- 
gency power (i.e., either a.c. or d.c.), and equip- 
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ment which can readily be transported to the 
scene of disaster. Mobile equipment is especially 
desirable in most emergency situations. 

Such equipment, regardless of how elaborate 
or how modern, is of little use, however, if it 
is not used properly and at the right times; 
and so another way for an amateur to prepare 
himself for emergencies, by no means less im- 
portant than the first, is to learn to operate effi- 
ciently. There are many amateurs who feel that 
they know how to operate efficiently but who find 
themselves considerably handicapped at the 
crucial time by not knowing proper procedure, 
by being unable, due to years of casual amateur 
operation, to adapt themselves to snappy, ab- 
breviated transmissions, and by being unfamiliar 
with message form and procedures. It is danger- 
ous to overrate your ability in this; it is better to 
assume you have things tolearn . . . and it makes 
you a respected communicator to know them. 

In general it can be said that there is more 
emergency equipment available than there are 
operators who know properly how to operate 
during emergency conditions, for such condi- 
tions require clipped, terse procedure with com- 
plete break-in on c.w. and fast push-to-talk on 
phone. The casual rag-chewing aspect of ama- 
teur radio, however enjoyable and worth-while 
in its place, must be forgotten at such times in 
favor of the business at hand. There is only one 
way to gain experience in this type of operation, 
and that is by practicing it. During an emergency 
is no time for practice; it should be done before- 
hand, as often as possible, on a regular basis. 

This leads up to the necessity for emergency 
organization and preparedness. ARRL has long 
recognized this necessity and has provided for it. 
The Section Communications Manager (whose 


address appears on page 6 of every issue of 
QST) is empowered to appoint certain qualified 
amateurs in his section for the purpose of co- 
ordinating emergency communication organiza- 
tion and preparedness in specified areas or com- 
munities. This appointee is known as an Emer- 
gency Coordinator for the city or town. One is 
specified for each community. For coordination 
and promotion at section level a Section Emer- 
gency Coordinator arranges for and recom- 
mends the appointments of various Emergency 
Coordinators at activity points throughout the 
section. Emergency Coordinators organize ama- 
teurs in their communities according to local 
needs for emergency communication facilities. 

The community amateurs taking part in the 
local organization are members of the Amateur 
Radio Emergency Corps (AREC). All amateurs 
are invited to register in the AREC, whether they 
are able to play an active part in their local or- 
ganization or only a supporting role. Applica- 
tion blanks are available from your EC, SEC, 
SCM or direct from ARRL Headquarters. In 
the event that inquiry reveals no HKmergency 
Coordinator appointed for your community, 
your SCM would welcome a recommendation 
either from yourself or from a radio club of 
which you are a member. By holding an amateur 
operator license, you have the responsibility both 
to your community and to amateur radio to up- 
hold the traditions of the service. 

Among the League’s publications is a booklet 
entitled Emergency Communications. This book- 
let, while small in size, contains a wealth of in- 
formation on AREC organization and functions 
and is invaluable to any amateur participating 
in emergency or civil defense work. It is free to 
AREC members and should be in every ama- 


Before Emergency 


PREPARE yourself by providing a transmitter-receiver setup together with an emergency power source upon 


which you can depend. 


TEST both the dependability of your emergency equipment and your own operating ability in the annual ARRL 
Simulated Emergency Test and the several annual on-the-air contests, especially Field Day. 

REGISTER your facilities and your availability with your local ARRL Emergency Coordinator. If your com- 
munity has no EC, contact your local civie and relief agencies and explain to them what the Amateur Service offers 


the community in time of disaster. 


In Emergency 


LISTEN before you transmit. Never violate this principle 
REPORT at once to your Emergency Coordinator so that he will have up-to-the-minute data on the facilities 
available to him. Work with local civic and relief agencies as the EC suggests, offer these agencies your services 


directly in the absence of an EC. 


RESTRICT all on-the-air work in accordance with FCC regulations, Sec. 12.156, whenever FCC ‘‘ declares” a 


state of communications emergency. 


QRRR is the official ARRL “land SOS,”’ a distress call for emergency only. It is for use only by a station seek- 


ing assistance. 


RESPECT the fact that the success of the amateur effort in emergency depends largely on circuit discipline. The 
established Net Control Station should be the supreme authority for priority and traffic routing. 

COOPERATE with those we serve. Be ready to help, but stay off the air unless there is a specific job to be done 
that you can handle more efficiently than any other station. 

COPY all bulletins from W1AW. During time of emergency special bulletins will keep you posted on the latest 


developments. 


After Emergency 


REPORT to ARRL Headquarters as soon as possible and as fuliy as possible so that the Amateur Service can 
receive full credit. Amateur Radio has won glowing public tribute in many major disasters since 1919. Maintain this 


record 
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teur’s shack. Drop a line to the ARRL Communi- 
cations Department if you want a copy, or use 
the coupon at the end of this chapter. 


The Radio Amateur Civil 
Emergency Service 


In order to be prepared for any eventuality, 
FCC and the Office of Civil and Defense Mobi- 
lization (OCDM), in collaboration with ARRL, 
have promulgated the Radio Amateur Civil 
Emergency Service. RACES is a temporary ama- 
teur service, intended primarily to serve civil 
defense and to continue operation during any 
extreme national emergency, such as war. It 
shares certain segments of frequencies with the 
regular Amateur Service on a nonexclusive basis. 
Its regulations have been made a sub-part of the 
familiar amateur regulations; that is, the origi- 
nal regulations have become sub-part A, the 
RACES regulations being added as sub-part B. 
Copies of both parts are included in the latest 
edition of the ARRL License Manual. 

If every amateur participated, we would still 
be far short of the total operating personnel 
required properly to implement RACES. As 
the service which bears the responsibility for the 
successful implementation of this important func- 
tion, we face not only the task of installing (and 
in some cases building) the necessary equipment, 
but also of the training of thousands of addi- 
tional people. This can and should be a function 


of the local unit of the Amateur Radio Emer- 
gency Corps under its EC and his assistants, 
working in close collaboration with the local 
civil defense organization. 

The first step in organizing RACES locally is 
the appointment of a Radio Officer by the local 
civil defense director, possibly on the recom- 
mendation of his communications officer. A com- 
plete and detailed communications plan must 
be approved successively by local, state and 
OCDM regional directors, by the OCDM Na- 
tional office, and by FCC. Once this has been ac- 
complished, applications for station authoriza- 
tions under this plan can be submitted direct to 
FCC. QST carries further information from time 
to time, and ARRL will keep its field officials 
fully informed by bulletins as the situation re- 
quires. A complete bibliography of QST7' articles 
dealing with the subject of civil defense and 
RACES is available upon request from the 
ARRL Communications Department. 

In the event of war, civil defense will place 
great reliance on RACES for radio communica- 
tions. RACES is an Amateur Service. Its im- 
plementation is logically a function of the Ama- 
teur Radio Emergency Corps— an additional 
function in peacetime, but probably an exclusive 
function in wartime. Therefore, your best oppor- 
tunity to be of service will be to register with 
your local EC, and to participate actively in the 
local AREC/RACES program. 


ARRL Operating Organization 


Amateur operation must have point and con- 
structive purpose to win public respect. Each 
individual amateur is the ambassador of the 
entire fraternity in his public relations and 
attitude toward his hobby. ARRL field organi- 
zation adds point and purpose to amateur oper- 
ating. 

The Communications Department of, the 
League is concerned with the practical opera- 
tion of stations in all branches of amateur ac- 
tivity. Appointments or awards are available 
for rag-chewer, traffic enthusiast, phone operator, 
DX man and experimenter. 

There are seventy-three ARRL Sections in the 
League’s field organization, which embraces the 
United States, Canada and certain other terri- 
tory. Operating affairs in each Section are super- 
vised by a Section Communications Manager 
elected by members in that section for a two- 
year term of office. Organization appointments 
are made by the section managers, elected as 
provided in the Rules and Regulations of the 
Communications Department, which accompany 
the League’s By-Laws and Articles of Association. 
Section Communications Managers’ addresses for 
all sections are given in full in each issue 
of QST. SCMs welcome monthly activity re- 
ports from all amateur stations in their jurisdic- 
tion. . 

‘Whether your activity embraces phone or 
telegraphy, or both, there is a place for you in 
the League organization. 


@ LEADERSHIP POSTS 


To advance each type of station work and 
group interest in amateur radio, and to develop 
practical communications plans with the great- 
est success, appointments of leaders and _ or- 
ganizers in particular single-interest fields are 
made by SCMs. Each leadership post is im- 
portant. Each provides activities and assistance 
for appointee groups and individual members 
along the lines of natural interest. Some posts 
further the general ability of amateurs to com- 
municate efficiently at all times, by pointing 
activity toward networks and round _ tables, 
others are aimed specifically at establishment of 
provisions for organizing the amateur service as 
a stand-by communications group to serve the 
public in disaster, civil defense need or emer- 
gency of any sort. The SCM appoints the follow- 
ing in accordance with section needs and in- 
dividual qualifications: 


PAM Phone Activities Manager. Organizes activities for 


OPSs and voice operators in his section. Promotes 
phone nets and recruits OPSs. 


RM Route Manager. Organizes and coordinates c.w. 
traffic activities. Supervises and promotes nets and 
recruits ORSs. 

SEC Section Emergency Coordinator. Promotes and 


administers section emergency radio organization. 

EC Emergency Coordinator. Organizes amateurs of a 
community or other local area for emergency radio 
service; maintains liaison with officials and agencies 
served, also with other local communication 
facilities. Sponsors tests, recruits for AREC and 
encourages alignment with RACES. 
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@ STATION APPOINTMENTS 


ARRL’s field organization has a place for 
every active amateur who has a station. The 
Communications Department organization exists 
to increase individual enjoyment and _ station 
effectiveness in amateur radio work, and we ex- 
tend a cordial invitation to every amateur to 
participate fully in the activities, to report re- 
sults monthly, and to apply to the SCM for one 
of the following station appointments. ARRL 
membership and the General Class license or 
VE equivalent is prerequisite to appointments, 
except OES is available to Novice/Technician 
grades. 


WELL FIND 


OPS 


Official Phone Station. Sets high voice operating 
standards and procedures, furthers phone nets and 
traffic. 

ORS Official Relay Station. Traffic service, operates c.w. 
nets; noted for 15 w.p.m. and procedure ability. 

OBS Official Bulletin Station. Transmits ARRL and 
FCC bulletin information to amateurs 

OES Official Experimental Station. Collects and reports 


v.h.f.-u.h.f.-s.h.f. propagation data, may engage 
in facsimile, TT, TV, work on 50 Me. and/or 
above. Takes part as feasible in v.h.f. traffic work, 
reports same, supports v.h.f. nets, observes pro- 
cedure standards. 

OO Official Observer. Sends cooperative notices to 
amateurs to assist in frequency observance, insures 
high-quality signals, and prevents FCC trouble. 


Emblem Colors 


Members wear the ARRL emblem with black- 
enamel background. A red background for an em- 
blem will indicate that the wearer is SCM. SECs, 
ECs, RMs, and PAMs may wear the emblem with 
green background. Observers and all station ap- 
pointees are entitled to wear blue emblems 


@ SECTION NETS 


Amateurs gain experience and pleasure and 
add much accomplishment to the credit of all of 
amateur radio, when organized into effective 
nets interconnecting cities and towns. 

The successful operation of a net depends a 
lot on the Net Control Station. This station 
should be chosen carefully and be one that will 
not hesitate to enforce each and every net rule 
and set the example in his own operation. 

A progressive net grows, obtaining new mem- 
bers both directly and through other net mem- 
bers. Bulletins may be issued at intervals to keep 
in direct contact with the members regarding 
general net activity, to keep tab on net procedure, 
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make suggestions for improvement, keep track of 
active members and weed out inactive ones. 

A National Traffic System is sponsored by 
ARRL to facilitate the over-all expeditious relay 
and delivery of message traffic. The system recog- 
nizes the need for handling traffic beyond the 
section-level networks that have the popular 
support of both phone and c.w. groups (OPS 
and ORS) throughout the League’s field organiza- 
tion. Area and regional provisions for NTS are 
furthered by Headquarters correspondence. The 
ARRL Net Directory, revised in December each 
year, includes the frequencies and times of op- 
eration of the hundreds of different nets operating 
on amateur band frequencies. 


Radio Club Affiliation 


ARRL is pleased to grant affiliation to any 
amateur society having (1) at least 51% of the 
voting club membership as full members of the 
League, and (2) at least 51% of members govern- 
ment-licensed radio amateurs. In high school 
radio clubs bearing the school name, the first above 
requirement is modified to require one full mem- 
ber of ARRL in the club. Where a society has 
common aims and wishes to add strength to 
that of other club groups and strengthen amateur 
radio by afhhation with the national amateur 
organization, a request addressed to the Com- 
munications Manager will bring the necessary 
forms and information to initiate the application 
for affiliation. Such clubs receive field-organiza- 
tion bulletins and special information at intervals 
for posting on club bulletin boards or for relay to 
their memberships. A travel plan providing com- 
munications, technical and secretarial contact 
from the Headquarters is worked out seasonally 
to give maximum benefits to as many as possible 
of the twelve hundred active affiliated radio 
clubs. Papers on club work, suggestions for 
organizing, for constitutions, for radio courses of 
study, etc., are available on request. 


Club Training Aids 


One section of the ARRL Communications 
Department handles the Training Aids Pro- 
gram. This program is a service to ARRL affili- 
ated clubs. Material is aimed at education, train- 
ingand entertainment of club members. Interesting: 
quiz material is available. 

Training Aids include such items as motion- 
picture films, film strips, slides, audio tapes and 
lecture outlines. Bookings are limited to ARRL- 
affiliated clubs, since the visual aids listings are 
not sufficiently extensive to permit such services 
to other groups. 

All Training Aids materials are loaned free 
(except for shipping charges) to ARRL affiliated 
clubs. Numerous groups use this ARRL service 
to good advantage. If your club is affiliated but 
has not yet taken advantage of this service, you 
are missing a good chance to add the available 
features to your, meeting programs and general 
club activities. Watch club bulletins and QST 
or write the ARRL Communications Depart- 
ment for TA-21 and TA-32, 


Operating Activities and Awards 


@ wiaw 


The Maxim Memorial Station, W1AW, is 
dedicated to fraternity and service. Operated 
by the League headquarters, W1AW is located 
about four miles south of the Headquarters of- 
fices on a seven-acre site. The station is on the air 
daily, except holidays, and available time is 
divided between different es and modes. 


and phone 
transmitters 
are provided 
for all bands 
from 1.8 to 
144 Mc. The 
normal fre- 
quencies in 
each band 

we for c.w. and 
voice transmissions are as follows: 1820, 3555, 
3945, 7080, 7255, 14,100, 14,280, 21,075, 21,330, 
28,080, 29,000, 50,900 and 145,800 ke. Operating- 
visiting hours and the station schedule are listed 
every other month in QST. 

Operation i is roughly proportional to amateur 
interest in different bands and modes, with one 
kw. except on 160 and v.h.f. bands. W1AW’s 
daily bulletins and code practice aim to give op- 
erational help to the largest number. 

All amateurs are invited to visit W1AW, as 
well as to work the station from their own 
shacks. The station was established to be a liv- 
ing memorial to Hiram Percy Maxim and to carry 
on the work and traditions of amateur radio. 


@ OPERATING ACTIVITIES 


Within the ARRL field organization there are 
several special activities. During six months of 
the year, the first week end is an occasion for 
ARRL officials, officers, and directors to get to- 
gether over the air. This activity is known to the 
gang as the LO (League officials) party. For all 
appointees, quarterly CD parties are scheduled 
additionally to develop operating ability and a 
spirit of fraternalism. 

In addition to those for appointees and officials, 
ARRL sponsors various other activities open to 
all amateurs. The DX-minded amateur may par- 
ticipate in the Annual ARRL International DX 
Competition during February and March. This 
popular contest may bring you the thrill of work- 
ing new countries and building up your DXCC 
totals; certificate awards are offered to top scorers 
in each country and ARRL section (see page 6 
of any QST’) and to club leaders. Then there is 
the ever-popular Sweepstakes in November. Of 
domestic scope, the SS affords the opportunity to 
work new states for that WAS award. A Novice 
activity is planned annually. The interests of 
v.h.f. enthusiasts are also provided for in contests 
held in January, June and September of each 
year. Where enough logs (three) are received to 
constitute minimum ‘‘competition”’ a certificate 
in spot activities, such as the ‘‘SS” and v.h.f. 


party, is awarded the leading newcomer for his 


Telegraph 


work considered only in competition with other 
newcomers. 

As in all our operating, the idea of having a 
good time is combined in the Annual Field Day 
with the more serious thought of preparing our- 
selves to render public service in times of emer- 
gency. A premium is placed on the use of equip- 
ment without connection to commercial power 
sources. Clubs and individual groups always en- 
joy themselves in the “FD,’’ and learn much 
about the requirements for operating under 
knockabout conditions afield. 

ARRL contest activities are diversified to 
appeal to all operating interests, and will be 
found announced in detail in issues of QST 
preceding the different events. 


@ aAwarps 


The lLeague-sponsored operating activities 
heretofore mentioned have useful objectives 
and provide much enjoyment for members of 
the fraternity. Achievement in amateur radio 
is recognized by various certificates offered 
through the League and detailed below. 


WAS Award 
WAS means “Worked All States.” This 
award is available regardless of affiliation or 
nonaffiliation with any organization. Here are 
the simple rules to follow in going after your 
WAS: 


1) Two-way communication must be established on the 
amateur bands with each of the states; any and all amateur 
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bands may be used. A card from the District of Columbia 
may be submitted in lieu of one from Maryland. 

2) Contacts with all states must be made from the same 
location. Within a given community one location may be 
defined as from places no two of which are more than 25 
miles apart. 

3) Contacts may be made over any period of years, pro- 
vided only that all contacts are from the same location, and 
except that only contacts with Alaska dated January 3, 
1959, or later count, and only contacts with Hawaii dated 
August 21, 1959, or later count. 

4) QSL ecards, or other written communications from 
stations worked confirming the necessary two-way con- 
tacts, must be submitted by the applicant to ARRL head- 
quarters. 

5) Sufficient postage must be sent with the confirmations 
to finance their return. No correspondence will be returned 
unless sufficient postage is furnished. 

8) The WAS award is available to all amateurs. It is re- 
quired that the confirmations submitted be placed alpha- 
betically in order by states. 

7) Address all applications and confirmations to the 
Communications Department, ARRL, 38 La Salle Road, 
West Hartford, Conn. 


DX Century Club Award 
Here are the rules under which the DX Cen- 
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tury Club Award will be issued to amateurs who 
have worked and confirmed contact with 100 
countries in the postwar period. 


1) The DX Century Club Award Certificate for con- 
firmed contacts with 100 or more countries is available to 
all amateurs everywhere in the world. 

2) Confirmations must be submitted direct to ARRL 
headquarters for all countries claimed, Claims for a total of 
100 countries must be included with first application. Con- 
firmation from foreign contest logs may be requested in the 


case of the ARRL International DX Competition only, . 


subject to the following conditions: 

a) Sufficient confirmations of other types must be sub- 
mitted so that these, plus the DX Contest confirmations, 
will total 100. In every case, Contest confirmations must 
not be requested for any countries from which the applicant 
has regular confirmations. That is, contest confirmations 
will be granted only in the case of countries from which 
applicants have no regular confirmations. 

b) Look up the contest results as published in QST to 
see if your man is listed in the foreign scores. If he isn’t, he 
did not send in a log and no confirmation is possible. 

c) Give year of contest, date and time of QSO. 

d) In future DX Contests do not request confirmations 
until after the final results have been published, usually in 
one of the early fall issues. Requests before this time must 
be ignored. 


3) The ARRL Countries List, printed periodically in 
QST, will be used in determining what constitutes a “ coun- 
try.’ This chapter contains the Postwar Countries List. 


4) Confirmations must be accompanied by a list of 
claimed countries and stations to aid in checking and for 
future reference. 


5) Confirmations from additional countries may be sub- 
mitted for credit each time ten additional confirmations are 
available. Endorsements for affixing to certificates and 
showing the new confirmed total (110, 120, 130, ete.) will be 
awarded as additional credits are granted. ARRL DX 
Competition logs from foreign stations may be utilized for 
these endorsements, subject to conditions stated under (2). 

6) All contacts must be made with amateur stations 
working in the authorized amateur bands or with other sta- 
tions licensed to work amateurs. 

7) In cases of countries where amateurs are licensed in 
the normal manner, credit may be claimed only for stations 
using regular government-assigned call letters. No credit 
may be claimed for contacts with stations in any countries 
in which amateurs have been temporarily closed down by 
special government edict where amateur licenses were for- 
merly issued in the normal manner. 

8) All stations contacted must be ‘land stations’ , 
contacts with ships, anchored or otherwise, and aircraft, 
cannot be counted, 

9) All stations must be contacted from the same call 
area, where such ‘areas exist, or from the same country in 
cases where there are no call areas. One exception is allowed 
to this rule: where a station is moved from one call area to 
another, or from one country to another, all contacts must 
be made from within a radius of 150 miles of the initial 
location. 

10) Contacts may be made over any period of years from 
November 15, 1945, provided only that all contacts be made 
under the provisions of Rule 9, and by the same station 
licensee; contacts may have been made under different call 
letters in the same area (or country), if the licensee for all 
was the same. 

11) Any altered or forged confirmations submitted for 
CC credit will resuit in disquaiification of the applicant. 
The eligibility of any DXCC applicant who was ever barred 
from DXCC to reapply, and the conditions for such appli- 
cation, shall be determined by the Awards Committee. Any 
holder of the Century Club Award submitting forged or 
altered confirmations must forfeit his right to be considered 
for further endorsements. 

12) Operating ethics: Fair play and good sportsmanship 
in operating are required of all amateurs working toward 
the DX Century Club Award. In the event of specific objec- 
tions relative to continued poor operating ethics an indi- 
vidual may be disqualified from the DXCC by action of the 
ARRL Awards Committee. 

13) Sufficient postage for the return of confirmations 
must be forwarded with the application. In order to insure 
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the safe return of large batches of confirmations, it is sug- 
gested that enough postage be sent to make possible their 
return by first-class mail, registered, 

14) Decisions of the ARRL Awards Committee regard- 
ing interpretation of the rules as here printed or later 
amended shall be final. 

15) Address all applications and confirmations to the 
Communications Department, ARRL, 38 La Salle Road, 
West Hartford 7, Conn. 


WAC Award 


The WAC award, Worked All Continents, is 
issued by the International Amateur Radio 
Union (IARU) upon proof of contact with each 
of the six continents. Amateurs in the U.S.A., 
Possessions and Canada should apply for the 
award through ARRL, headquarters society of 
the IARU. Those elsewhere must submit direct 
to their own IARU member-society. Residents of 
countries not represented in the Union may 
apply directly to ARRL for the award. Two basic 
types of WAC certificates are issued. One con- 
tains no endorsements and is awarded for c.w., 
or a combination of c.w. and phone contacts; the 
other is awarded when all work is done on 
phone. There is a special endorsement to the 
phone WAC when all of the confirmations sub- 
mitted clearly indicate that the work was done on 
two-way s.s.b. The only special band endorse- 
ments are for 3.5 and 50 Me. 


Code Proficiency Award 


Many hams can follow the general idea of a 
contact ‘“‘by ear” but when pressed to “write 
it down” they “muff” the copy. The Code 
Proficiency Award permits each amateur to 
prove himself as a proficient operator, and sets 
up a system of awards for step-by-step gains 
in copying proficiency. It enables every amateur 
to check his code proficiency, to better that pro- 
ficiency, and to receive a certification of his re- 
ceiving speed. 

This program is a whale of a lot of fun. The 
League will give a certificate to any licensed 
radio amateur who demonstrates that he can 
copy perfectly, for at least one minute, plain-lan- 
guage Continental code at 10, 15, 20, 25, 30 or 35 


words per minute, as transmitted during special 
monthly transmissions from W1AW and W6OWP. 

As part of the ARRL Code Proficiency pro- 
gram W1AW transmits plain-language practice 


Awards 


material each evening at speeds from 5 to 35 
w.p.m. All amateurs are invited to use these 
transmissions to increase their code-copying 
ability. Non-amateurs are invited to utilize the 
lower speeds, 5, 74% and 10 w.p.m., which are 
transmitted for the benefit of persons studying 
the code in preparation for the amateur license 
examination. Refer to any issue of QST for 
details of the practice schedule. 


Rag Chewers Club 


The Rag Chewers Club is designed to en- 
courage friendly contacts and discourage the 
“‘hello-good-by”’ type of QSO. It furthers frater- 
nalism through amateur radio. Membership cer- 
tificates are awarded. 


How To Get in: (1) Chew the rag with a member of the 
club for at least a solid half hour. This does not mean a half 
hour spent in trying to get a message over through bad 
QRM or QRN, but a solid half hour of conversation or mes- 
sage handling. (2) Report the conversation by card to The 
Rag Chewers Club, ARRL, Communications Department, 
West Hartford, Conn., and ask the member station you talk 
with to do the same. When both reports are received you 
will be sent a membership certificate entitling you to all the 
privileges of a Rag Chewer. 

How To Stay in: (1) Be a conversationalist on the air in- 
stead of one of those tongue-tied infants who don’t know any 
words except ‘“‘cuagn”’ or ‘“‘cul,’’ or “QRU” or “‘nil.’’ Talk 
to the fellows you work with and get to know them. (2) 
Operate your station in accordance with the radio laws and 
ARRL practice. (8) Observe rules of courtesy on the air. 
(4) Sign ‘“RCC”’ after each call so that others may know 
you can talk as well as call. 


A-I Operator Club 


The A-1 Operator Club should include in its 
ranks every good operator. To become a mem- 
ber, one must be nominated by at least two 
operators who already belong. General keying 
or voice technique, procedure, copying ability, 
judgment and courtesy all count in rating candi- 
dates under the club rules detailed at length in 
Operating an Amateur Radio Station. Aim to 
make yourself a fine operator, and one of these 
days you may be pleasantly surprised by an invi- 
tation to belong to the A-1 Operator Club, which 
carries a worth-while certificate in its own right. 


Brass Pounders League 


Every individual reporting more than a speci- 


fied minimum in official monthly traffic totals is 
given an honor place in the QST listing known 
as the Brass Pounders League and a certificate 
to recognize his performance is furnished by the 
SCM. In addition, a BPL Traffic Award (medal- 
lion) is given to individual amateurs working at 
their own stations after the third time they 


“make BPL”’ provided it is duly reported to the 


SCM and recorded in QST. 

The value to amateurs in operator training, 
and the utility of amateur message handling 
to the members of the fraternity itself as well as 
to the general public, make message-handling 
work of prime importance to the fraternity. 
Fun, enjoyment, and the feeling of having done 
something really worth while for one’s fellows is 
accentuated by pride in message files, records, 
and letters from those served. 


Old Timers Club 


The Old Timers Club is open to anyone who 
holds an amateur call at the present time, and 
who held an amateur license (operator or sta- 
tion) 20-or-more years ago. Lapses in activity 
during the intervening years are permitted. 

If you can qualify as an “Old Timer,” send 
an outline of your ham career. Indicate the date 
of your first amateur license and your present 
call. If eligible for the OTC, you will be added to 
the roster and will receive a membership cer- 
tificate. 


@ INVITATION 


Amateur radio is capable of giving enjoy- 
ment, self-training, social and organization bene- 
fits in proportion to what the individual amateur 
puts into his hobby. All amateurs are invited to 
become ARRL members, to work toward awards, 
and to accept the challenge and invitation of- 
fered in field-organization appointments. Drop 
a line to ARRL Headquarters for the booklet 
Operating an Amateur Radio Station, which has 
detailed information on the field-organization ap- 
pointments and awards. Accept today the invita- 
tion to take full part in all League activities and 
organization work. 


CONELRAD COMPLIANCE 


The FCC rules for the Amateur Service concerned with requirements in the event of enemy 
attack are contained in the ARRL License Manual as part of the amateur regulations, Sections 
12.190 through 12.196. These are the rules for control of electromagnetic radiation, conelrad, 


to minimize radio navigational aids to an enemy. Read and follow these rules. They concern you. 

Amateurs are required to shut down when a Conelrad Radio Alert is indicated. FCC requires 
monitoring, by some means, of a broadcast station while you operate. By use of proper equip- 
ment, each amateur can make his conelrad compliance routine and almost automatic. You 
will find descriptions of such devices, most of them quite simple, in this Handbook and in QST. 
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Operating Abbreviations and Prefixes 


@ QO SIGNALS 


Given below are a number of Q signals whose 
meanings most often need to be expressed with 
brevity and clearness in amateur work. (Q ab- 
breviations take the form of questions only when 
each is sent followed by a question mark.) 


QRG Will you tell me my exact frequency (or that 
Olean )? Your exact frequency (or that 
Oferoe ist avis ke. 

QRH Does my frequency vary? Your frequency varies. 

QRI How is the tone of my transmission? The tone of 
your transmission is..... (1. Good; 2. Variable; 
3. Bad). 

QRK What is the readability of my signals (or those 
Olesen )? The readability of your signals (or 
those of..... aR ees Gee (1. Unreadable; 2. Read- 
able now and then; 3. Readable but with dif- 
ficulty; 4. Readable; 5. Perfectly readable). 

QRL Are you busy? I am busy (or I am busy with 
Saar ae ). Please do not interfere. 

QRM_ Areyou being interfered with? I am interfered with. 

QRN Are you troubled by static? I am being troubled 
by static. | 

QRO Must I increase power? Increase power. 

QRP Must I decrease power? Decrease power. 

QRQ Shall I send faster? Send faster (...... words per 
min.). 

QRS Shall I send more slowly? Send more slowly (.... 
W.p.m.). 

QRT Shall I stop sending? Stop sending. 

QRU Have you anything for me? I have nothing for you. 

QRV Are you ready? I am ready. 

ORW.=sShalli-letellke.= that you are calling him on 
eeteee ke.? Please inform.....that 1 am calling 
himioneaeas ke 

QRX When will you call ine again? I will call you again 
AUB hours) (Olhiwnus aes ke.). 

QRZ Who is calling me? You are being called by..... 
(Oneteae ke.). 

QSA What is the strength of my signals (or those of 
ST nie )? The strength of your signals (or those 
Olea ts AIS Seeker cases (1. Searcely perceptible; 2. 
Weak; 3. Fairly good; 4. Good; 5. Very good). 

QSB Are my signals fading? Your signals are fading. 

QSD Is my keying defective? Your keying is defective. 

QSG Shall I send..... messages at a time? Send..... 
messages at a time. 

QSL Can you acknowledge receipt? I am acknowledging 
receipt. 

QSM Shall I repeat the last message which I sent you, 
or some previous message? Repeat the last 
message which you sent me [or message(s) 
number(s)..... ]. 

QsSO Can you communicate with. ...direct or by relay? 
I can communicate with..... direct (or by relay 
through... -. )e 

QSP Will you relay to..... ? I will relay to.... ; 

QSV Shall I send a series of Vs on this frequency (or 
....ke.)? Send a series of Vs on this frequency 
(One ke.). 

QSW Will you send on this frequency (or on....ke.)? 
I am going to send on this frequency (or on 
is ke.). 

QSsx Will you listen to..... ON Soke ke.? I am listening 
LOn eh OD eon ke 


QSY 


QSZ 


QTA 


QTB 


QTC 


QTH 
QTR 


Shall 1 change to transmission on another fre- 
quency? Change to transmission on another 
frequency (or on....ke.). 


Shall I send each word or group more than once? 
Send each word or group twice (or... .times). 
Shall I cancel message number... .as if it had not 
been sent? Cancel message number..... as if it 

had not been sent. 

Do you agree with my counting of words? I do not 
agree with your counting of words; I will repeat 
the first letter or digit of each word or group. 

How many messages have you to send? I have.... 
messages for you (or for..... ). 


What is your location? My location is..... 
What is the exact time? The time is...... 


Special abbreviations adopted by ARRL: 


QST 


QRRR 


General call preceding a message addressed to all 
amateurs and ARRL members. This is in effect 
“COVAR RI 


Official ARRL ‘land SOS.’’ A distress call for 
emergency use only by a station in an emergency 
situation. 


THE R-S-T SYSTEM 


READABILITY 


1 — Unreadable. 
2 — Barely readable, occasional words distinguish- 


able. 


3 — Readable with considerable difficulty. 
4 — Readable with practically no difficulty. 
5 — Perfectly readable. 


SIGNAL STRENGTH 


1 — Faint signals, barely perceptible. 
2 — Very weak signals. 


3 — Weak signals. 


4 — Fair signals. 


5 — Fairly good signals. 


6 — Good signals. 


7 — Moderately strong signals. 


8 — Strong signals. 


9 — Extremely strong signals. 


TONE 


1 — Extremely rough hissing note. 


2 — Very rough a.c. note, no trace of musicality. 
3 — Rough low-pitched a.c. note, slightly musical. 
4 — Rather rough a.c. note, moderately musical. 


5 — Musically-modulated note. 

6 — Modulated note, slight trace of whistle. 
7 — Near d.c. note, smooth ripple. 

8 — Good d.c. note, just a trace of ripple. 

9 — Purest d.c. note. 


If the signal has the characteristic steadiness of 


crystal control, add the letter X to the RST report. 
If there is a chirp, the letter C may be added to so 
indicate. Similarly for a click, add K. The above 
reporting system is used on both c.w. and voice, 
leaving out the ‘‘tone”’ report on voice. 


CN Ne 


COUNTRIES LIST © (Use A.R.R.L. Op. Aid 7 for DXCC purposes.) 


EM OBS iG Coin tcl OE Sikkim TSG AN Pee nets errs aero Navassa Island 10 oe a OC Trinidad & Tobago 
INO ay a ee Baste Tibet KCOSE test Eastern Caroline Islands NG era ent grace hkl eee Cayman Islands 
LAN CS) SO ee eA i ee Bhutan TC Gee Ras Western Caroline Islands WEE Db ph eaventihic Rea ernie & Wks esas tets Jamaica 
JRL Seno Se ee AEE eee Pakistan JSG GO liad or a dea ety Beh Bee eon ate (See OX) ele eaten: hor Turks & Caicos Islands 
bY HESSD) yO en ae Formosa IEG a ate say ewe Guantanamo Bay VIE Gin ee etre meat ee ee eee: Barbados 
IBY. (( ice Senet ae eae China IG Gere hee: aisha es Marcus Island VR TER eerie ns fast ee Bahama Islands 
Oa ee Mito din Sek yk eee Manchuria KG6..............Mariana Islands WS ae eee ane ee eet (See CEQ) 
(Chl Bins cae: ic ON CG en ares Chile KEG GL ae aahec escort Bae (See KAD) Wil oie ee ata tse Be ccimurigts Falkland Islands 
CE9, KC4, LU-Z, VK, : GEG tee tecler a fean ae aate Hawaiian Islands Wee Sen = Zr ae, South Georgia 
WMEPSRIZME a eLCo.ctes sk Antarctica Ieee ihe DS rare he ene we Johnston Island VP8, LU-Z...South Orkney Islands 
CE Og erate creer ar (See VP8) FSIS (8s 5, Ua ae oatn em eA Se ay TS Alaska VP8,LU-Z,. ‘South Sandwich Islands 
CEQA ete ceo’. ta as Easter Island ESI G As ee ae Midway Islands WER Seay Wie Zi Gs O erence as Le enna ese 
CEQ@Z...Juan Fernandez Archipelago LR AE rarer te Cnt Puerto Rico South Shetland Islands 
OMG C'S a ca ieee an ae ere Cuba IXP6...Palmyra Group, Jarvis Island VIP O Se, Tetras narctitiey S Bermuda Islands 
IN eS Oars ace yee oe Morocco KROL ee Ryukyu Islands WON rumae te tae tee cere Zanzibar 
(Ce is Be aie oy ane eee Bolivia KS4B.Serrana Bank & Roncador Cay ViO2 Fe meea se Northern Rhodesia 
(Cn Be og co ne prea Arn Cape Verde Islands FO ie eet ae ee erage Lee Swan Islands MOS re eee isieen Tanganyika. Territory 
OR Fits nino ace =f. Portuguese Guinea KS Gai itess aa ae ae American Samoa NOE BES Shee a Bh Wea tal 7 Sil cee tae aI od Kenya 
(Gaga ec aes & eae Principe, Sao Thome ESVAT eet rasa Ae a ete Virgin Islands VQ) SATE eae Ins ats URC Ny, Uganda 
RGEC Angola KGW ORR Mite age tee ate eer Wake Island VOSpet ne Garoados:@areayos 
SL OO ora Mozambique RR Go rea Marshall Islands V Qenenety erat toe Chagos Islands 
CR Sieea nec Goa (Portuguese India) |G 3 ere Rigen aie ae eee Canal Zone iOS a crete, ep maton: Rice oh Mauritius 
RENE O eee arte Rh tin ee Macao Tepes shake SO ee es Saat Jan Mayen VQ) Sitar anne uae nes Rodriguez Island 
CRD figeriden os Ss Portuguese Timor | OIA Be, EO Re Ba ean nce cate Norway NAG) er Patt) Seeker ence Seychelles 
(CARA) sss Ah tacok weer eee eee Portugal | Va SOUS alae eet as easels aan a ae Svalbard VR1........British Phoenix Islands 
(ORI RPE oi eth Gas aa Roe el ae ee Azores |S Or ies Soe tale caren ee Bee Argentina \14 oe) Nee ae ae Gilbert & Ellice Islands 
Cae aca. S a oh aie Madeira Islands | ORV Age) Meat Semen ae (See CE9, VP8) & Ocean Island 
CA. 9.2) Tn A Ge Pan eR Uruguay OS Caren em ae oe inner ae pieranen Luxembourg VEO 2s at enh re analog eo Fiji Islands 
OT RE NA Saeko ope mas Germany | Gy Ap Desh cS phot sis) Eee ee ge Bulgaria VR3...Fanning & Christmas Islands 
11) Daya: he a Philippine Islands 1A ee iagne Ar re i San Marino NAR AON AY a, Rs nesthanene Solomon Islands 
DONC ALD ar io die er a ea Spain IM Para gona ates dye 4 Bahrein VON AE greeo ne ae Tonga Islands 
aS A Gti i Soak Balearic Islands DM a Peet Fe cvarats aicloe whe ara Qatar VIRGO ete ony eee Pitcairn Island 
[ls (OO ss one ca a Canary Islands NEPA t ad ps aches Trucial Oman VS Peaster tsk tete ae Singapore 
POUR Pr, ei ee He Vie = Ifni OE SE Pre teat: aed eRe Peru VSP Orme tapi tice Sarawak 
HOO eect Pe ee Rio de Oro OHI 74 lone peak see tae ote meats nea Lebanon VSO, wea tients deus a Brunei 
|W) SSS ee aera ee Spanish Morocco OTS ee Petia et naar: cero te Austria NSO Wire ca viaee siete va Hong Kong 
VAC aprraeet errs sc Spanish Guinea (OAR Rea Neen 2 hans Pasch  O1G reeds Finland VS Oe re ea aR Bee ‘Aden & Socotra 
SLE SC etree Republic of Ireland OTD ee cet ea ons ial, 5 Aland Islands VSO Pea reeks O% Maldive Islands 
1 gs tote sec Ae ee ERS Liberia Oe te a os Czechoslovakia MSO mae es eas Sultanate of Oman 
PN eeeto ad yee ces eet Tran COUN lice ein gee tn ieee Belgium VU...Andaman and Nicobar Islands 
Bre een area titans Koes cle eee Kritrea OX Giles ete See Greenland Vili vceeioad nemterian PAU ct enrcttne e ndia 
LM RCE Os aye BsGnrOpict eee ©) Vr oe ee et od eae Faeroes MiGs ae hee Laccadive Islands 
LG ah ee ra ee a France CVs ee ORO ene ea Denmark Wire Shs ee at be eA te a I (See K) 
THUR ood c= 2 eee aa Algeria PAGS Hoa iit ae Netherlands AXCHISENGH NG eae bette teres aah eerie Mexico 
FB8..Amsterdam & St. Paul islands Poste aes: Netherlands West Indies Sea Ae nee a es Revilla Gigedo 
ies en ess es Comoro Islands Ep ais aoa te Su ge eae Sint Maarten XWiSi ie ae Guedes Cc eaten Laos 
RAS Sie cate ees Kerguelen Islands ONG bie Mare ore Ee Andorra EL Dats wet Ga eeree 5 Been Burma 
BASS ag cee gers. oo ia: Malagasy Rep. Pid atari ae eu ae On Be Brazil NA cee carats aA Neth A ae SN ge 
LDL Ric Th A i rer Tromelin Island PY Ol eee Fernando de Naronha on oe eee tale ie ees Ira 
P@uomoieral) A205 ia. os Corsica PY®@. Trindade & Martim Vaz Islands eh) Ce A aOR ioe talk Pe (See FU8) 
DHS) peartepeee BRP eect ae ines racer a ac Togo Piste Netherlands Guiana Va Pt PERG aes an emer, ey ra Syria 
JELLIES p SE WSR DON a ps Sen as On Cameroons TaN eck oe Ferotancdcs ons ator Sweden VAIN ON Ore eras ns ck Nicaragua 
| Oa oy ie eee Dahomey Rep. SP ae eee ee Rete ee a Poland 3166 akon Mite eM e e2 Pcie Sees Rumania 
Piva... Mali Federation Sy t eter ee. 0-8 1 ee Sees Sudan VG cae ee nt eh eta ee Salvador 
sD Blo ES ce a Ra Niger Rep. ST ROMA Rae Rep  eL bie mek Rena Egypt VU See ee Pe oe i Yugoslavia 
EES Gus a ates cee ecm Voltaic Rep. SVs tee eee Nee ee Crete NEVER A AU, i ge Red arte CR pC Venezuela 
RS ie a ee Ivory Coast SV dreuca he aimee soso t es Dodecanese NEW Die ae eet Gatien Aves Island 
LD Ge 2 SEL Sg er a ae Mauritania Og nage hen abe: tate ae ae Greece LR Ee Rly Dre te oe Albania 
BOC rere sce os Guadeloupe 6 I rar RA ee Oa a Cre a A Turkey LSU oc Rae Sa ss Malta 
BEES eR ns bis aie New Caledonia PITS, oe ee Seo eee Se Iceland oP oe a SREY Tee ae eae Gibraltar 
BSS ee Mala Hes French Somaliland Gs se eet BO, eat oe ee Guatemala LORS SEG es aie SA ee ee Cyprus 
UNTO Go en ee Martinique Eid i late ROMS Ok cee ee Costa Rica EOD ee . British North Borage 
LO os ee Clipperton Island TAO ae coe Daa ae Cocos Island DOC Re OS Ge ee Palestine 
LOSS ROS Fe sh Ge een a French Oceania UAE 6 UN is... European Russian TO Mss Rae wesey Cee Sierra Leone 
FP8...St. Pierre & Miquelon Islands Socialist Federated Soviet Republic PB DEAS Rt aps RR a a tape ees Nigeria 
VQ ae ios Central African Rep. GA Bee sey Rw Franz Josef Land TABI Sel rane ire Ree, of Ree gate es Gambia 
BO mre hea 2,5: ....,Chad Rep. WAO Oo ees Asiatic Russian $.F.S.R. Li) Gere tae ater eer Nyasaland 
11 eo ROSA elec cg Congo Rep. UIBaseaes en eee ee Ukraine URS ee oes Staly Sy eon cst St. Helena 
LUD Det ba a aaa Gabon Rep. UCls a tise. White Russian S.S.R. TIS are ate Ascension Island 
| a ee BS fairs Reunion Island (SG) atte ae eee Azerbaijan PIO sede iin h Tristan da Cunha & 
WSLS cae ee see Saint Martin CCG ete ot ws Georgia Gough Islands 
11 ose aa es aimee area New Hebrides UGOSS we Beet ee Armenia DEG ee Oe sue .Southern Rhodesia 
BWISS . Snsi0's Wallis & Futuna Islands REELS eich peck een ee Turkoman ZIRBS se ee ne ae Cook Islands 
| SMe Gaetan aerated French Guiana & Inini Wile eee ene ssn ert Uzbek LICE ee ioe Manihiki See 
(Gi otc oO en ee ee eee England WEI Siok etree fe nara Sanne near on Tadzhik LK DEG Sertich ek ae ee, Niu 
(OER NS ge teed asa Channel Islands D2 by dl ee Re edt ot angie eerie a ae Kazakh UA Re Auckland & Campbell i 
(GID), op Se oe ae Isle of Man \ OBA Bet acieOke e meri pen eee weed Kirghiz TA een sO Need OA Chatham Islands 
(Cue ae a ht ee Northern Ireland Oe GP OR Re oe ger ee ee Moldavia DG Sar Pe Nh ee, Kermadec Islands 
ACN erent creel cries lesa dys wee Scotland LB Be are ec At tT Aco PC oR REG Lithuania DN ahs certs Oe merece ke oa, New Zealand 
(Ci GS ce EEA hci A Wales BA Te OR One Cee ecient: a Latvia Ti ay ee Nee eek (See CEQ) 
“£18 orl ca) a en Hungary STO IRE ct eg Uae CP TUNR Spal ud Tea Estonia VANS SER Blt OS SRS STNL rc British Samoa 
Ree wipe eas Switzerland AE Vin Ogee erin. Sear gilt: Canada WONT Grins Stee Tokelau (Union) Islands 
LOR erate is ae Pesos aie. sae 8 Ecuador VK. . Australia (Gineluding Tasmania) 1 bi abieg er trme AN Oe et betes eh Ae Paraguay 
15 Uo a ire Pe a Galapagos Islands NV EEA ie oe oe Lord Howe Island ZS1, 2, 4, 5, 6. .Union of South Africa 
LL De 38a ee Liechtenstein ViKG ger aera aatemers are Willis Islands ZS2. Prince Edward & Marion Islands 
(BUGL Oo. Ss Oa ane Roe neem Haiti ViIKO Sens saat eras Christmas Island CSS erent ety geen ons Southwest Africa 
SES Aa eee cin Dominican Republic VK op Res Site oe ae ty Cocos Islands DST ate) ae nee! Swaziland 
Repent co, Bes oe Colombia SVAIK Oates tse Pi cc pe shee at 2c Nauru Island LS Siri e ees Maen age Pate at Basutoland 
HK®§...San Andres and Providencia VO! eae dee cee Norfolk Island PSOGriRa ah ay en Guna) Bechuanaland 
HUG sty decay an Sen eee eee Korea VIGO eae terse Waren rans | Papua Territory BA ay Sale om Ale Meee grr aie Monaco 
EU meee icc)! Si) vs Ge kee Seal Panama WAKO Weert Territory of New Guinea SSN he Barto 3. RRS RR at CaN Ee eS Tunisia 
JOURS e:2cpedl aoe neice A Seca eee eRe Rare Honduras VE) rcbere pace eee Re ote tt (See CEQ) UD Wiens des ete the tee eae hae oe Vietnam 
Jets alii cy Rae eR ae A Thailand WAKO as dete Oe teh chase alk Heard Island Dey feterra Bento hea Wenn Bas ee cre eee Ceylon 
Urata tere 2 Aras hy ook 2 cA ain Vatican VAIO ree Oak fers Macquarie Island = ei | nee IN tS MPN eet Yemen 
IRA ea Beene aera a Saudi Arabia VIO) pate a ihe seks os lief. Mae e ne: (See VE) gt De ACR SS oR > Bade aeied rc ee Israel 
U7 4 UC CUES ees Cts ae ea rn Italy Vener gab eeaieg eee ea, British Honduras bse at hoe aan a tea Ee a Libya 
EMME ee ils aden coarse ewe Sardinia NERD ICS eerie canna mgr Ree nad ah v2 Anguilla BOT 2 eet water Somalia Rep. 
Ley LRGs Wa ae ae Serene Japan WEP Oi yee Kaeo oC Antigua, Barbuda AGT NESE na a Re ear Slee Rep. of Guinea 
«Lae at RR eh are al eee eae Mongolia Vie Stee deena: British Virgin Islands OU Sie it eee an eas nf tee Meant Ghana 
SDV AIM et icc da cM Acs. y aSenmein bt Jordan AE ey Bee Bh evi Cah eat SRC wen A Dominica ON GF re ey Met NS oer MD a Kuwait 
VALS eerie Netherlands New Guinea VP2.......Granada & Dependencies VDE ne aes asteets ey eins eer Malaya 
1 ie ne ea United States of America VER e ie or ehh eee ou ae Montserrat GING Astareasauens Rieaeae Mec eran Nepal 
KAQ, KG6I1. Bonin & Volcano Islands WD Pa etme cp aeRO C St. Kitts, Nevis QO enemas tien NED mote Congo 
KB6..Baker, Howland & American Vale 2 eater cee ee RSS Ee ea St. Lucia Qos wes fee oe heuand a-Urundr 
Phoenix Islands NRO a ens Sty wincent: wD ependemcies- tts Seen s oh crtensectee tote Aldabra Islands 
ROCA Peete toate cayce Fits? hs, (See CEQ) VeRO eat ere eee SHS TACTs ay Gul a Micimeu tesa foe et es Arcee toen merle Cambodia 
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INTERNATIONAL PREFIXES 


AAA-ALZ United States of America -URA-UTZ Ukrainian Soviet Socialist Republic 
AMA-AOZ Spain UUA-UZZ Union of Soviet Socialist Republics 
APA-ASZ Pakistan VAA-VGZ Canada 
ATA-AWZ India VHA-VNZ Commonwealth of Australia 
AXA-AXZ Commonwealth of Australia VOA-VOZ Canada 
AYA-AZZ Argentine Republic VPA-VSZ British Overseas Territories 
BAA-BZZ China VTA-VWZ India 
CAA-CEZ Chile VXA-VYZ Canada 
CFA-CKZ Canada VZA-VZZ Commonwealth of Australia 
CLA-CMZ Cuba WAA-WZZ United States of America 
CNA-CNZ Morocco XAA-XIZ Mexico 
COA-COZ Cuba XJA-XOZ Canada 
CPA-CPZ Bolivia XPA-XPZ Denmark 
CQA-CRZ Portuguese Overseas Provinces XQA-XRZ Chile 
CSA-CUZ Portugal XSA-XSZ China 
CVA-CXZ Uruguay XTA-XTZ France and French Community 
CYA-CZZ Canada XUA-XUZ Cambodia 
DAA-DTZ Germany XVA-XVZ Viet-Nam 
DUA-DZZ Republic of the Philippines XWA-XWZ Laos 
EAA-EHZ Spain XXA-XXZ Portuguese Overseas Provinces 
EIA-EJZ Ireland XYA-XZZ Burma 
EKA-EKZ Union of Soviet Socialist Republics YAA-YAZ Afghanistan 
ELA-ELZ Liberia YBA-YHZ Republic of Indonesia 
EMA-EOZ Union of Soviet Socialist Republics YIA-YIZ Iraq 
EPA-EQZ Iran YJA-YJZ New Hebrides 
ERA-ERZ Union of Soviet Socialist Republics YKA-YKZ Syria (U.A.R.) 
ESA-ESZ Estonia YLA-YLZ Latvia 
ETA-ETZ Ethiopia YMA-YMZ Turkey 
EUA-EWZ Bielorussian Soviet Socialist Republic YNA-YNZ Nicaragua 
EXA-EZZ Union of Soviet Socialist Republics YOA-YRZ Roumanian People’s Republic 
FAA-FZZ France and French Community YSA-YSZ Republic of El] Salvador 
GAA-GZZ Great Britain YFA-Y UZ Yugoslavia 
HAA-HAZ Hungarian People’s Republic YVA-YYZ Venezuela 
HBA-HBZ Switzerland YZA-YZZ Yugoslavia 
HVA-HDZ Ecuador ZAA-ZAZ Albania 
HEA-HEZ Switzerland ZBA-ZJIZ British Overseas Territories 
HEA-HFZ People’s Republic of Poland ZKA-ZMZ New Zealand 
HGA-HGZ Hungarian People’s Republic ZNA-ZOZ British Overseas Territories 
HHA-HHZ Republic of Haiti ZPA-ZPZ Paraguay 
HIA-H1IZ Dominican Republic ZQA-ZQZ British Overseas Territories 
HJA-HKZ Republic of Colombia ZRA-ZUZ Union of South Africa 
HLA-HMZ Korea ZVA-ZZZ Brazil 
HNA-HNZ Iraq 2QAA-2ZZ Great Britain 
HOA-HPZ Republic of Panama 38AA-3AZ Monaco 
HQA-HRZ Republic of Honduras 3BA-3FZ Canada 
HSA-HSZ Thailand 3GA-3GZ Chile 
HTA-HTZ Nicaragua 3HA-3UZ China 
HUA-HUZ Republic of El Salvador 3VA-3VZ Tunisia 
HVA-HVZ Vatican City State 3WA-3WZ Viet-Nam 
HWA-HYZ France and French Community 38XA-3XZ Guinea 
HZA-HZZ Saudi Arabia 38YA-3YZ Norway 
IAA-IZZ Italy and Mandated Territories 3ZA-3ZZ People’s Republic of Poland 
JAA-JSZ Japan _ : 4A A-4CZ Mexico 
JTA-JVZ Mongolian People’s Republic 4DA-41Z Republic of the Philippines 
JWA-JXZ Norway 4JA-4LZ Union of Soviet Socialist Republics 
JIYATYZ Jordan 4MA-4MZ Venezuela 
JZA-JZZ Netherlands New Guinea 4NA-40Z Yugoslavia 
KAA-KZZ United States of America 4PA-48Z Ceylon 
LAA-LNZ Norway 4TA-4TZ Peru 
LOA-LWZ Argentine Republic 4UA-4UZ United Nations 
LX AqLaxcZ Luxembourg 4AVA-4VZ Republic of Haiti 
LYA-LYZ Lithuania 4WA-4WZ Yemen 
eerie pees Republic of Bulgaria 4X A-4XZ State of Israel 
- xreat Britain 4YA-4YZ International Civil Aviation Organizati 
NAA-NZZ United States of America 4ZA-4ZZ State of Israel Gres 
OAA-OCZ Peru 5SAA-5AZ Libya 
ODA-ODZ Lebanon 5CA-5GZ Morocco 
OEA-OEZ Austria 5JA-5KZ Colombia 
OFA-OJZ Finland 5LA-5MZ Liberia 
OKA-OMZ Czechoslovakia 5PA-5QZ Denmark 
ONA-OTZ Belgium 5RA-5VZ France and French Community 
OUA-OZZ Denmark 6A A-6BZ Egypt (U.A.R.) 
PAA-PIZ Netherlands 6CA-6CZ Syria (U.A.R.) 
PIA-RIZ Netherlands Antilles 6DA-6JZ Mexico 
PKA-POZ Republic of Indonesia 6KA-6NZ Korea 
PPA-PYZ Brazil: 60A-60Z Somalia 
PZA-PZZ Surinam ; 6PA-6S8Z Pakistan 
QAA-QZZ (Service abbreviations) 6TA-6UZ Sudan 
RAA-RZZ Union of Soviet Socialist Republics TAA-71Z Indonesia 
SAA-SMZ Sweden TIA-7NZ Japan 
SNA-SRZ People’s Republic of Poland TSA-7SZ Sweden 
SSA-SSM Egypt 7ZA-72ZZ, Saudi Arabia 
SSN-STZ Sudan SAA-8I1Z Indonesia 
SUA-SUZ Kgypt (U.A.R.) 8JA-8NZ Japan 
SVA-SZZ Greece E 
8S A-85Z Sweden 
TAA-TCZ Turkey ; 
8TA-8YZ India . 
TDA-TDZ Guatemala : ; 
aaa j 8ZA-8ZZ Saudi Arabia 
TEA-TEZ Costa Rica : 
TFA-TFZ Iceland 9AA-9AZ San Marino 
TGA-TGZ Guatemala 9BA-9DZ Tran ; 
THASTHZ, France and French Community 9EA-9BZ Ethiopia 
TIA-TIZ Costa Rica 9GA-9GZ Ghana 
TJA-TRZ France and French Community 9KA-9KZ Kuwait 
TSA-TSM Tunisia 9MA-9MZ Malaya 
TSN-TZZ France and French Community 9NA-9NZ Nepal 
UAA-UQZ Union of Soviet Socialist Republics 9OA-9UZ Belgian Congo and Ruanda-Urundi 


982 


Abbreviations 


AA All after 

AB All before 

ABT About 

ADR Address 

AGN Again 

ANT Antenna 

BCI Broadcast interference 

BCL Broadcast listener 

BK Break; break me; break in 

BN All between; been 

B4 Before 

C Yes 

CFM Confirm; I confirm 

CK Check 

CL I am closing my station; call 
CLD-CLG Called; calling 

CUD Could 

CUL See you later 

CUM Come 

CW Continuous wave 

DLD-DLVD Delivered 

DX Distance © 

ECO Electron-coupled oscillator 

FB Fine business; excellent 

GA Go ahead (or resume sending) 

GB Good-by 

GBA Give better address 

GE Good evening 

GG Going 

GM Good morning 

GN Good night 

GND Ground 

GUD Good 

HI The telegraphic laugh; high 

HR Here; hear 

HV Have 

HW How 

LID A poor operator 

MILS Milliamperes 

MSG Message; prefix to radiogram 

N No 

ND Nothing doing 

NIL Nothing; I have nothing for you 

NR Number 

NW Now; I resume transmission 
Alabama wire O16) OO 8. 8 "S'S @: @ (6 Oe, 6-616: oe 48 O> @ Be &. 0 16146) 'ar'd~ er. Bp 6 4 
PRABIC oS ess a's Sue : Stagen igenetaan: KL7 
JS SAE te a i re Ro is cred ar eemenih Asie 7 
Arkansas...... GRE is ot eat Se ces D 
Pe AnIOENIA. =. 6. ccs Soe, aE Se aes Wee See os 6 
PN oe ae tg a eM cot ogee eee a i) 
RCI neat sana tre a ee eta das oe 1 
Renate tre cee ee es g ooh eg Sa 3 
NR eee Po one aay arse ene es GRRE 4 
CLE LEGGY AS TESS Sas aig aa ang ae 4 
Hawaii... ee I ELO 
RMI en Aa nt eg ye ties ei ui dlareus ato is fi 
CLEC SUES Sars B00 aera GOIN eS SEPSIS a er oe nat PRE 9 
“1 Eo Be Se Beta ah ea earn cS hes Po art i nT al 9 
ea FES 2 eG Ag Ee ae ae Eh Y) 
et pains. esata emia bie top or rete aaron 0) 
RGR N ec Sn SS. ia cate at NPY cat ingle iedait wip Beal 3 4 
Prine se Deane TE ecid gp eaten 5 
UNE CES Ae eR cer Ite ak hr pe eae ate eae Ha 1 
Maryland (and District of Columbia)........ 3 
COR STIG GL NTT 8 6 ci OT Bon So Regge 8 REA 1 
PPE ARAL yer t ans ee Te ha eatin oe a 8 
1) DER PE STS asa ar akaotet te ain COLES eea aera La ae 1) 
|S /2) SSTISISTN GY Cp eget ge pe EE Or eee Mi er 5 
DORIS MEMIEL 5 eos Asa. sa Sie A uh May SuSlacelend Pit hres 4) 


ABBREVIATIONS FOR C.W. WORK 


Abbreviations help to cut down unnecessary transmission. However, make it a rule not to abbreviate unnecessarily 
when working an operator of unknown experience. 


YF (XYL) 
YL 

73 

88 


Old boy 

Old man 
Operator 
Oscillator 

Old timer; old top 
Preamble 

Please 


_ Power 


Press 

Received as transmitted; are 
Rectified alternating current 
Received 


Refer to; referring to; reference 


Repeat; I repeat 
Said 
Says 
Signature; signal 


Operator’s personal initials or nickname 


Schedule 
Sorry 


Service; prefix to service message 


Traffic 

Tomorrow 

Thanks 

That 

Thank you 
Television interference 
Television listener 
Text 

Your; you’re; yours 
Variable-frequency oscillator 
Very 

Word after 

Word before 

Word; words 
Worked; working 
Well; will 

Would 

Weather 
Transmitter 
Crystal 

Wife 

Young lady 

Best regards 

Love and kisses 


W/K CALL AREAS BY STATES 


Vermont. . 
Virginia... 
Washington ee : 
WeesteViNginiae ose se eee rie Serunme ae ap 
Wisconsin . 


eee ee ee ee ee ee wee eee we 


New Hampshire 
New Jersey 
New Mexico 


6) “orc wn Oho. 0) 6. 6b. > 6. Sh lolne” e116 'e ena, a 6.-et te! ects. 


“ee ee ee we ee ew ew ewe eee eee 


OPES CIN os eek Scho ett Grid eee eens 


Bensisy vena ocean ele Te eater 
PLOCe MelaniGn ene at ko ater crete trates en 


eoocere eevee 


"ese © © © © ee ew owe we ewe eeeee 


67-01 Oke) (else 6-10) 0) oe) © ace, 6) 0:0 0 ee © 


tee Mee: 0\ ew (6) © (8 6 el) 0) .e, ove; -0] @-,.6:.0) 6 @.16%0 


aime; (es let 6, a enero ie, 10. 8:5 0) 6 0) 0," 6,0xe~e: le 5) © 


CC 


eer ei. piemte; ey e6 6.610 e\(@).@) @) ‘el @).6 0. 6 


or eee 


ee opel t Pe) oye 8) Oe e OO e © 0 8S 0 C18 ol Gs0! 6 ee. <emene 


eoeceee ees 


eeeereese 


eeeee 


ore ere eree 


Bund 6. 0,10 6 “e/ie eue rid ie, 6. 0) @0_e ‘8, 6) @'\0 (6. 0.16 Se 0 0 16 


@ 6 eer, 0 
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> Operating an Amateur Radio Station 
covers the details of practical amateuroperating. 
In it you will find information on Operating Prac- 
tices, Emergency Communication, ARRL Op- 
erating Activities and Awards, the ARRL Field 
Organization, Handling Messages, Network 
Organization, ‘‘Q” Signals and Abbreviations 
used in amateur operating, important extracts 
from the FCC Regulations, and other helpful 
material. It's a handy reference that will serve 
to answer many of the questions concerning 
operating that arise during your activities on 
the air. 


» Emergency Communications is the “bi- 
ble”’ of the Amateur Radio Emergency Corps. 
Within its eight pages are contained the funda- 
mentals of emergency communication which 
every amateur interested in public service work 
should know, including a complete diagramma- 
tical plan adaptable for use in any community, 
explanation of the role of the American Red 
Cross and FCC’s regulations concerning ama- 
teur operation in emergencies. The Radio 
Amateur Civil Emergency Service (RACES) 
comes in for special consideration, including a 
table of RACES frequencies on the front cover. 


The two publications described above 
may be obtained without charge by 
any Handbook reader. Either or 
both will be sent upon request. 


AMERICAN RADIO RELAY LEAGUE 
38 La Salle Road 
West Hartford 7, Connecticut, U. S. A. 


Please send me, without charge, the following: 


|] OPERATING AN AMATEUR RADIO STATION 
[] EMERGENCY COMMUNICATIONS 


NV ARRE) oi o-b.6 8. p.clein'e ere e alene dae scones, a side pinleteinrs SCe ta: coSOhG aiei Aral gine. Woetet olealeca te lete eon eid acu cnenenn fe ate 


(Please Print) 


PIG EIOSS 550-5 0 6.:056 cin's cu os owe coc obela aie 0s Sic eine mina eieiv a Wiel oie lee alETE eis ol Cate aitla eee cio 
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CHAPTER 25 


Vacuum Tubes 
and Semiconductors 


For the convenience of the designer, the re- 
ceiving-type tubes listed in this chapter are 
grouped by filament voltages and construction 
types (glass, metal, miniature, etc.). For ex- 
ample, all miniature tubes are listed in Table I, 
all metal tubes are in Table II, and so on. 

Transmitting tubes are divided into triodes 
and tetrodes-pentodes, then listed according 
to rated plate dissipation. This permits direct 
comparison of ratings of tubes in the same 
power classification. 

For quick reference, all tubes are listed in 
numerical-alphabetical order in the index. Types 
having no table reference are either obsolete or 
of little use in amateur equipment. Base diagrams 
for these tubes are listed, however. 


Tube Ratings 


Vacuum tubes are designed to be operated 
within definite maximum (and minimum) rat- 
ings. These ratings are the maximum safe oper- 
ating voltages and currents for the electrodes, 
based on inherent limiting factors such as 
permissible cathode temperature, emission, and 
power dissipation in electrodes. 

In the transmitting-tube tables; maximum 
ratings for electrode voltage, current and dissi- 
pation are given separately from the typical 
operating conditions for the recommended classes 
of operation. In the receiving-tube tables, because 
of space limitations, ratings and operating data 
are combined. Where only one set of operat- 
ing conditions appears, the positive electrode 
voltages shown (plate, screen, etc.) are, in 
general, also the maximum rated voltages. 

For certain air-cooled transmitting tubes, 
there are two sets of maximum values, one desig- 
nated as CCS (Continuous Commercial Service) 
ratings, the other ICAS (Intermittent Com- 
mercial and Amateur Service) ratings. Continu- 
ous Commercial Service is defined as that type 
of service in which long tube life and reliability 
of performance under continuous operating 


conditions are the prime consideration. Inter- 
mittent Commercial and Amateur Service is 
defined to include the many applications where 
the transmitter design factors of minimum 
size, light weight, and maximum power output 
are more important than long tube life. ICAS 
ratings are considerably higher than CCS 
ratings. They permit the handling of greater 
power, and although such use involves some 
sacrifice in tube life, the period over which 
tubes give satisfactory performance in intermit- 
tent service can be extremely long. 

The plate dissipation values given for transmit- 
ting tubes should not be exceeded during normal 
operation. In plate modulated amplifier applica- 
tions, the maximum allowable carrier-condition 
plate dissipation is approximately 66 percent of 
the value listed and will rise to the maximum 
value under 100-per-cent sinusoidal modulation. 


Typical Operating Conditions 


The typical operating conditions given for 
transmitting tubes represent, in general, maxi- 
mum ICAS ratings where such ratings have 
been given by the manufacturer. They do not 
represent the only possible method of opera- 
tion of a particular tube type. Other values of 
plate voltage, plate current, grid bias, etc., may 
be used so long as the maximum ratings for a 
particular voltage or current are not exceeded. 


Equivalent Tubes 


The equivalent tubes listed in Table VIII are 
used occasionally in amateur service. In addition 
to the types listed, other equivalents are avail- 
able for special purposes such as series-heater 
string operation in TV receivers. These types 
require unusual values of heater voltage (3.15, 
4.2, etc.), and have controlled warm-up time 
characteristics to minimize voltage unbalance 
during starting. Except for heater design, these 
types correspond electrically and mechanically 
to 6-volt prototypes. 
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VACUUM-TUBE BASE DIAGRAMS 


Socket connections correspond to the base designations given in the column headed “Base” in the classified tube-data tables. 
Bottom views are shown throughout. Terminal designations are as follows: 


A = Anode D = Deflecting Plate IS = Internal Shield RC = Ray-Control Electrode 
B = Beam Fk = Filament K = Cathode Ref = Reflector 

BP = Bayonet Pin FE = Focus Elect. NC = No Connection S = Shell 

BS = Base Sleeve G = Grid P = Plate (Anode) TA = Target 

C = Ext. Coating Ii = Heater P; = Starter-Anode Ues=-Unit 

CL = Collector IC = Internal Con, Par = Beam Plates ® = Gas-Type Tube 


Alphabetical subscripts D, P, T and HX indicate, respectively, diode unit, pentode unit. triode unit or hexode unit in multi- 
unit types. Subscript CT indicates filament or heater tap. 

Generally when the No. 1 pin of a metal-type tube in Table II, with the exception of all triodes, is shown connected to the 
shell, the No. 1 pin in the glass (G or GT) equivalent is connected to an internal shield. 


E.I.A. (R.E.T.M.A.) TUBE BASE DIAGRAMS 
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V6 CHAPTER 25 


TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 
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TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal! designations on sockets are given on page V5. 
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TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 
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TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 
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TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 


VACUUM-TUBE DATA Vil 


TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 
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TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 
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TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 
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CHAPTER 25 


TUBE BASE DIAGRAMS 


‘Bottom views are shown. Terminal designations on sockets are given on page V5. 
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TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 


| Fil. or Capacitances ae na 
Type Name Base Hester Bae 9 g £ 
: a5 
Vv. cea, ed os : 5 ag 
, -'s —t 
1A3 Bd iodes ss, SAPS AOS fe | oe: = Max. a.c. voltage per plate —117. Max. output current —0.5 ma. 
-TAF4 | Sharp Cut-off Pent. sss | OAR | 14 | 0.025] 38 | 7.6 | 0.009 | 90 0 90-35 0:55 1.8 | 1.8meg. | 1050 Fer te 
1L4 Sharp Cut-off Pent. eRe 7.5 | 0.008 | 90 0 350K [1025 [| — | — | — 
116 pia fs en Os oe ke eas 06" | seek | ee 
TRS ASO ON dR ad 
154 Pentagrid Pwr. Amp +f 7AV| 14 [oi | —| — | — | 9% | =70 | o75| 14 |. 74 | 10K [is | — | o& | 0m 
i ee em ee 
R.f. Amp. 90 Screen Resistor 3 meg., grid 10 meg. l meg. | 0.050 
114 38 a 
1u4 | Sharp Cut-off Pent. ——~+Y @AR | 14 [005 | 34 | 75 | 001 | 0 900 
0 600K 625 


TUS | Diode Pentode__—=~S*=*d BW] VA | 005 | — | — | 


150° re a3 
ata | Be0m Pr a 
Sur cc Se ade eee eee cee eee Gal 
=o || fo pie f= | i7 
2EASE | Sharp Corolle. ‘| EW] 24 [0H | 3a 23] 0 Si [1s 0 | eo pee 
2EN5{ Oud) Diodé. = ARES) 20-045 ff Max. a.c. voltage per plate—200 Max. output current—S.0 ma. 


14 135 —7.5 | 90 2.6 14.92 | 90K 0.6 
Se be, [ 14 | ge ea Py a 


3DK6t Sharp Cut-off Pent. — 7CM 


3A5 H.f. Dual Triode!? 7BC ae OF 1) 1:0: 32 90 —25 | — 
=65 | 150 
sib 
3Q4 Pwr. Amp. Pent. 
384 Pwr. Amp. Pent. 7BA 
4EWOt Sharp Cut-otf Pent. 7CM 
6AB4 U.h.f. Triode 5CE 
6AD8 Dual Diode—Pent. 9T 
U.h.f.— Ai Amp. 
CAAA | Tiiode Osc. 950 Me. ze 
6AG5 Sharp Cut-off Pent. 7BD 6.5 
6AH6 lot Cut-off 10.0 
ent. 
6AJ4 U.h.f. Triode 
6AK5 | Sharp Cut-off Pent. 7BD | 63 | 0.175} 4.0 330* 7 420K | 4300 
200* | 120 2.5 7.5 | 340K [5000 | — [| — [| = 
6AK6 Pwr. Amp. Pent. 7BK —9 180 2.5 15 200K = [:2300: Ft E OK Ft 
6AL5 Dual Diode!® 6BT 16.3103 | — | = Max. r.m.s. voltage —117. Max. d.c. output current —9 ma.) 
6AM4 | Ui. Triode 9BX 02s | 44 | O16 [24 [1s | vos | — | — | 75] WK [9000 | 9% | — | — 
6AMBA}| Diode—Sharp Cut-off Pent. | 9CY 0:45: |. 6.0. +..26 (60.015 -|-200. ]. 120%) |150--|* 27 - | ANS] 600K 
6AN4 [ U.h.f. Triode 7DK 0295 | 28 F028 P07 [200 si Jo0F | Se 13 — 
6AN5__| Beam Pwr. Pent. 7BD 046 19.0 feraB 1 0075: 120.4] 120%] 120. | 120 {88 12.5K 
GANBA; | Medium-u Triode ova | 63 | 045. 22 200 = _ 13 
Sharp Cut-off Pent. 0.04 | 200 180 150 2.8 Vib -t3 
180 —8.5 | 180 3/4 | 302 
oe me Sele 250_| 45/7 | a7 
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TABLE I—MINIATURE RECEIVING TUBES—Continued V17 


Fil. or Capacitances : A bs pr 
Name Base aL unt, S : H 6 8 ~ 6 
ea} a, | Sz| 8 w oo 2 5 aS po 1s E 
Ev. Ame) co Gu | Co |S] Pe | 2s) Ss] $a] $e | ES | ES | BE | E8 
an On n> nz a= | ae = qu Sau | 30 
High-u Triode : 0.22 | 19 eLie ee — — 1.8 | SOK 
Sharp Cut-off Pent. 2.6 0.02 A 5 300K 
6CN7{ Dual Diode —High- Triode 0.5 — _ 
Medium-u Triode 0.4 15 5K 
Bcase Sharp Cut-off Tetrode ‘ 5 2.5 12 140K 
6CR6 Diode—=Remote Cut-off Pent. | ZEA | 63 | 03 = 9.5 | 200K 
Triode 2 14 12 =e 5.5K | 4000 = 
DERE TS ipaniede Rielle 28 | [13 [ 300K [7700 eres 
6CS5 Beam Pwr. Pent. 9CK 472 28K 8000 4K 3.8 
. 6CS6 | Pentagrid Amp. 7CH 0.75} 1 meg. 950 Beg ON — 
Medium-j Triode No. 1 0.5 | 26 — — 10.5 7.7K | 2200 17 Si 
Oey ita iicde trode N62 |< | > | o* 30°] 0.5. | 26 250 | -105 [| — | — | 19 3.45K | 4500 Tig ee, Es. 
6CU5 Beam Pwr. Pent. 7CV a 1.2 | ie 86 | 07 120 —8- |1l0 | 4/85 | 502 10K | 7500 Se 2K a 8 
6CW4 | Tricde Fig. 85 0.13 : 7 S z TOP 92 0B] = 8 BAN ts eK ECS. ae epee 
6CW5 | Pentode =12.5 | 170 5 70 a — {| — | 24k | 56 
eee Medium-u Triode ot eae one ee 8.7K | 4600 40 Sagal Sts 
Sharp Cut-off Pent. Ec 0.06 | 200 Bae nd 70K 10K 
6CY5 _| Sharp Cut-off Tetrode 7EW | 63 | 0.2 = 0.03 |.125 iS 10 100K | 8000 ‘| 5 penn ee 
Dissimilar— PST Oat, efaleBen ch — 1.27 | 52K7_ | 13007 687-5 se 
See puaiinsds AG Ss Se bee paleo ees Py Caan a ee — sos | S208 | 54008 ES aiae = 
Xi AGAMp ont ok —14 (250 [4.6/8 | 482 73K" |4800° [-* 465 |. SK | 54 
6CZ5i | Beam Pwr. Amp. Aa aos 9HN | 6.3 1045 | 8 8.5 | 07 > ren a 3/13 1 1038 — — Taare 
GORE s:| BeomPir, Ane. 9GR | 63 | 1.2 (a Eee 200 180% [125 | 22/85 | 46/47 [ 28K. | 8000 — 4K | 38 
6DB6 —_| Sharp Cut-off Pent. ae 63 | 03 6 0.0035 | 150 Slee | boO 6.6 58 | SOK | 2050 Ea=—3Vv. | — 
6DC6 Semiremote Cut-off Pent. 7CM | 63 [03 65010 2 0.02 | 200 180* | 150 3 9 500K | 5500 = So ee 
6DE6 —_| Sharp Cut-off Pent. 7CM | 63 [03 6321 a9 [0.02 200 | 180* | 150 28 9.5 | 600K | 6200 qe 
EET Dissimilar— [ae sll! 2.27 | 0.827 | 47 BOE VBA x = 8.75K7| 20007 AS = 
Dual Triode 558] 18 | 858 | 1508 | —17.58] — = 358 | 9258 — | 65008 GR ae 
6DJ8 Twin Triode 9AJ | 63 [0.365 | 33 00) SSeS Se apa ioe Se an DOK 83h be 
6DK6 _| Sharp Cut-off Pent. 7CM | 63 [03 | 63 12 = | 9800 ti eS ESTA ER 
he | Dissimilor a oHF | 63 [09 22 ray eee = 1.4 — 1600 687 pz = 
8) Dual Triode 5.5 —17.5 — = 35 — 6500 - 68 — — 
BUS527 <| Bears- Pwr Amp 7Bz | 63 |08 | 95 eee oe ee ee 325 | 8K _| 38 
ae 2770* | 200 3/9 | 252 28K | 5800 TE GES: 
6DT5 Pwr. Amp. Pent. 9cV | 63 [076 [108 =73~ [200 | 108 49.52 | 38K zs = 5.2K | I7 
6DT6 Sharp Cut-off Pent. 7EN | 63 | 0.3 5.8 560* | 100 2.1 Tl 7] 150K 615 
6DT8 | High-p Dual Triode!9 9DE | 63 [03 OF 200* | — — 10 10.9K [5500 | 60 Saupe ae 
6DW5 —_| Beam Pwr. Amp. 9CK | 63-/1.2° [14 —22.5 | 150 2 55 1sk__| 5500" | 2 
: Triode : 312 ee — 18 5K | 8500 40 ee 
rESe: Sharp Cut-off Penk. eee 330 9 [330 12 80K 6400 - Sis | peat 
6EB5 Dual Diode : 6BT 6.3 Sea ees Max P.I.V. 550, Max D.C. output current 5.5 ma. 
Fone High- Triode eres 24 36 [44 [330 a —5 2 37K | 2700 (Oo SE aD 
Share Gul: off Pent. : aE 25 75K Pees ee os 
6EH5 Power Pentode —~- -|-7CV | -63 2 42 11K TAG Soe BK 1.4 
6EHB anode 9JG | 63 |0.45 Lo 
Pentagrid Conv. 
6ER5._| Semiremote Cut-off Pent. 7FN 6.3 O18 | 
6ES5 Triode 7FP | 63 | 0.20 {o. 9000 
6ES8 | Dual Triode ODE |. 6.3--|.0:365.[34 [1710 [19 15 = a eo ac aes a: 
; ae aaah fro T q Take sal i 
6EU7 | Twin Triode gis | 63 [03 Meow ts: O22) cS 100 2 = = 05 | 80K | 1250 100 Be 
Triode — 50. | 26.10.02 - | 150 — — — 18 5K | 8500 Bie Ais as 
pes (Pentote si ya se OBE BA as es ae a Bee 
GEVS [Sharp Cut-off Tet | ZEW — O12 eae 2] 2925 0.095 
Triple Triode No. } 1.4 ; 
6EZ8 en oR aT ON | 68: | O45. 26 ae 1.5 —4 = — 4.2 | 13.6K | 4200 57 SU ee 
6FG5 _ Pentode 7GA | 63 | 0.2 AD \, 28. 1-002 at 250 42 9 250K — — == 
Triode oS Biome =| = = 13. | 5700 7500 43 — = 
zee Pentode BO ee Oe SO kaos oc kOe =| 125 4 6000 — ee 
6FRS Triode 7FP | 63 [02 oa ey ek HO 135 2 — — nN 5600 9000 50 OR eta 
ag ee ae ae 
6FM8 | ee ae 63 10.45 = aa ay Max. a.c. voltage = 200; Max. d.c. output current=5 ma. 
[Triode ae Fa) Rae oa Nee eee ee 
6FQ5 Triode 7FP | 63 [018 | 48 
6FV6 | Sharp Cut-off Tetrode 7FQ | 63. [0.2 | ee 
| Triode eee =e 
BVO 9FA | 6.3 | 0.45 : 
: es as Sheet 4 [eae oe te : , 
6FY5 —_| Triode 7FN | 63 |02 475 | 33 [0.50 | 135 =a = — 1 — 13K 70 Sey ees 
Triode 34 D6 126 125 = = — 13.5 Ske "| 8500" |= 140 EVaD  Eareat 
Bee F Pantode ae en eo an NOGAet Is lee 42sec Aaa. 4 ide slot [7500 Sara epee: or 
6GK6 | Power Pentode ee GK 68.1 076.11 10. 2) 70 1-014) 1.250 55 | 48 38K W3kK[ — | SK b S7 
6GM6__| Pentode ; 7CM | 63 [04 | 10 74 | 0.036 [125 | — 125 3.4 14 200K 13K BS Sy ieee 
6GM8)* | Twin Triode 9DE es 2 or ASE 1 Cina eae Sa 
High-u Triode 0.36 144 | 10 | — | 
pibig Sharp Cut-off Pent. Alege | eA A eraser tern 20>. |. 150 55 25 60K Nake Seer 
6GS8 Twin Pentode Wail, 63s -0,90)] 60) 513.2) fms 00S NOue | 67.5. 36 — = 22S eee 
6GY8 | Triple Triode SMB e351 045) Hs Sans = =H = 4.5 14K [4500 — =e 
654 Grounded-Grid Triode : 7BQ | 63 OAS une |_3.9 0.12 150 100* hes — 1 rs 
heediuar: Ai Amp.10 100 Cn a us 7.1K | 5300 38 == 
OJOAL ns Trisde ive ale ee ee ee Oo, RE [SOL OlONen ae ee 10.2K ae Osc. tess = V. 
6R8 Triple Diode-Triode 9E | 63 ES Bs (es aa a Se SO, WO OTS 
654A __| Medium-u Triode Gi eerie Tone oe eg es a a ie 
614 | Unf. Triode 70K [63 [025] 26 | 025 [17 | %@ | or [— | — | 6 | )eKx|roo | 3 [— [ 


V18 


12DWs Dissimiliar Dual Triode 


12DY8 


12DZ6 
12EA6 


12EC8 


Pwr. Amp. Pent. 


Medium- Br Triode 
Pent. _ 


Sharp Cut-off Triode 
Tetrode 


TABLE I—MINIATURE RECEIVING TUBES—Continued 


pas [oy ae eee ee ee 


167 ae = 100 95 

rie [ie [ons FS pra M | 8 | | Ei ae 
Pana CRUSE OOMEC ANE CIRCE Cnr 2) 
foie ate = ee ee 

B28 ES ee 
T7eK [126 [ois[n [4 foos | i26] —34 | 26] 14 | a2 | aox [oso | — | = 
ota [aa is oe Oz la oa ot eae 4705 |, 2 

Pe [nae a [oes | te 23g ies ee es | 5k PO 


Watts 


— 


WP EPSPs 


ay 
on 


| 


baer 


| 


025 


.005 


Fil. or Capacitances - ee be 
Heater > ce E 
ayes. > O-1o es ey 
$8 fs/ 82 |s2 | 22 | Be 
ao as a a rs <q Sa 
fio = | = | —. |. 08 | ak [edo fom pee 
ereeh Tree Tiple Diode-Highn Tode | Tiple Diode-Highn Tode | oe Be ee eee 
cust | Mediums Tiode Se 
Sas Con ta rs | 26 [oor fa | 8" [1 | 39 10. | 400K |5m00° [oo lee 
SCEgr es RENTER: WaT NS rat 0th = 08 dK 0 
a as ee eo 
oxeay | ediumn Tiode jas 20105 [14 [too | ioe |— | — | as | ox | — | @ | — | 
48 [07 [009 [250-4] 200" he. 16 | 2 eK 
oat fuerte [ofS [wr on fe tet tte 
6. —12. : 
ibe? (haan wig) ee es. a 45]7_| 47 
AB, Amp2 5/13_| 792 
12AB6 anager as Toe as oe oe ea 
T2AC6 _| Remote Cut-off Pent. | 7BK [126 [0.15 | 43 | 5 [0005 | 126| 0 | 126] o2 | 085| sox | 730 | — | — | 
12AD6 | Pentogrid Cow. «dt VCH '([126 [015 | 8 | 8 [03 | 126) 0 | 126 0.45 | 1meg. | 260 | Grid No. 1 Res. 
oes 12.6 | 0.225 
Hep Aes Reape pele fhe eee 15] sas [rao | a0 | — | 
T2AEG6A | Dual Diode—Medium-uTriode| 7BT [126 [0.15 | 18 | 1.1 [2 | 126 | ae |r ars foe 
N2AE7 | Double Mode Aaa a ee Ee erncen 
T2AF6_| Ri Pent. 55 | 48 [0006 | 126] 0 | 126 | 036 | 075| 30K [Ns | — |— | 
12AN6 rGiol pied Higed Faas om a Oe Loa eT 2 Po does |: 0764. 4k 11a pee 
pale | Medium-n Triode oe loss LIS 03 2 | 26 | -09 | — [| — | om| mx [so | 15 | — | 
a aicds 6 (O48 Tet [o7- | 126 | 08 | ees) goes 28 | 1K. (0000 | ep 
12AQ5 | Geom Por. Amp. ART 7ez [ize foms| ea | 02 [3s 
eam Pwr. Amp. Fea [ax [= 15 [280 [5/13 | 79 | oxi |3750" 708 [0K 
126 | O1S..f 227. | 0.57) 57) [00 270". sf OT AK) 4000 eee 
veal! prow ites [ee PDE Hig gp et 
7 7 7 
SURUP KI AEGAN ashe rizg } 01s | 1e}0s7. {152100 | 0 | =| — | 118 | 698k [3100 fu ef 
P63 | fos [1a | 03s [1 faa | 85 [= [= os [7a | 700... ea 
z fas? fi | 00 
FAW nds abn sige (cs a es Be STS 
63 [oss | oie | om [ise [10 | so* | — | — | 18 | 4@K [eso | a1 | — | 
T2AW6 | Sharp Coicolf Peat r7em [126 [015 | 65 | 1.5 [0.02 |280 | 200" [1% | 2 | 7 | 00K [5000 | «2 | — 1 
12ax7 | High-w Ai Amp.0 ize [01s | Le |e [197 [250] —2, | =) a, | 12). eek | 1000 fae 
Dual Triode Class B je eee eee Ee 
Saeed Nadiad 7 Ames 26 [015 | ,, a Sr) SS ee ee ee 
Dual Triode'® Low-Level Amp. ae : 1150 | 2700* | Plate resistor = 20K. Grid resistor =0.] meg. V. G.=12.5 
: 7 eg ek Sa oer ee ee 4000. | 7:60 2 ee 
eee eee fx Fee 63 oat [1.98 [250 [109k [8600 [of =| 
a Ie is asf fo [ afee [el = fe 
2 : 126 | 03 LE 0.57 | 2.67 
can von ore [om Pests fet pe teee[om es [=| — [vs | a [ow [ae] = [os 
T2B16 _| Sharp Cut-off Pent 78K ROME 
ooo ice Leese ce: ae pee 
0.45 Ee oe esse See gan ee ac 
12BV7 Sharp Cut-off Pent. 9BF 8 = 3 0.055 | 250 cE ee oe 90K 12K fri | | 
12BX6__|Pentode~~S~™~C*~—‘ A 1S [IS | 7H | 33 [0007 [200 | —25 [200 | 26 | 10 | sok [70 | — | — 1 
= este ICRC 
ca7_[nosvtmrtonne [me Pet LET fe [= [=| — [a | om fom [me | [ 
12CN5 a EEC eae Se ce 
acta | Medium-n Triode soa 126 jos ome [ee po Tas ak oo 
Sharp Cut-off Pent. ete es EIR (TNE a 
T2CX6_| Sharp Curoff Pent. —+(| 7BK [126 [015 | 76 | 62 [00s | 126] 0 | 126] 14 | 3 | 4K [a0 | — | — 1 
12DE8 | Dicde—Remote Cutoff Pent. |Fig. 81/126 102 | 55 | 87 [0006 | 126| —08 | 126] 05 | 13 | 300K 1500} — | — J 
12DK7 ool ide —Torose owe [ze [os P= Pf = Te fre a hak | 5000 | ee 
12DL8 | Dual Dicde—Tetrode | HR | 126 1085 [12 | 13 | — | 126] -08 | 126475" | 40 | 40 | 1K 1721 — 1 
12DMT| Twin Triode. A [128 [OI | 6 | Os ly io | to |. — | 0S) Ok ia. | nor ee 
var [monrwiten [eet [e [oe fev fw [— fw foe [x [ox | om] = | | 
12D57A eae gsu | 126 | 04 ree 4 ae Max. d.c. ee a — 
VaBT6 = | Penton oad Wee ee pe ee ee 2A ee at a es 
Dual Triode Fes [03 | 16 [oss [i7 ‘a 
TanUy Dual Diode 93x | 126 | 0.275 Max. average diode current =1.0 ma. 
Seas wei per NR I a 
12DV7 Dual Diode oy | 126 10.15 Max. average diode current=1.0 ma. 
Triode oo Ce ose ee 
12DV8 [vol Diode —Terede | 9HR [26 [oars | 90 | 1.0 2 ps 
Forel RET me fia6 [ois [6 [oss iy [ao | =2 Pa par ee ee 


{ Controlled heater warm-up characteristic. 
Q Oscillator gridleak or screen-dropping resistor ohms. 


vig 


TABLE 1—MINIATURE RECEIVING TUBES—Continved 


* Cathode resistor ohms. 
** Space-charge grid. 


- w 
ae 5 eo et Opes 
32 cs | £3 | 3s {58 
as fs | <2 | 82 [36 
5. a Bets ikea P| 135 
1258 ax ae} =} 
-12EL6 Dual pido hie u Triode : Palme P— [| = [075] 4K [to | 55 [ — [| — 
T2EM6 =— et 1 | 6 | « [xo | — | — 
Dual Diode—Remote 
ee : | jrzs| ox | 1 [sex from | — | — | — 
T2FKE [Duel Diode lowe node | 7er_frze fos [v8 [07] Pere pp sien ioe ord 
12FM6 Bil Bode=Nid Ts 78T_[12 | a RN 
“T2FQS__|TwinDovble Mote Triode | 9KT [26 ars | 17 | 0” foo [ow [1s |— | — | 15 | 7k [1250 [9s | — | — 
aa rae mo fon PPro ett eta 7 a 
riode—Diode_ 26] 2007 | e[ 06 | | 1 — fio op 
A ee 
pee ode DEE Sa rs Ce a Ne 
Heptode is 3 ed 25 io 9 NE ees ee PMA PO i Be 
12646 OH 2 
1258 | Dual Diode—Tetrode rae [is | oss ws [aor tas} 0 SN 0.02 
—Y2K5 | Tetrode (Pwr. Amp. Driver) Pek [ize [04s | — || =| ras} =o eres | 8] 00 | 7000 | se 0.035 
T2R5{ | Boom Pwr. Pent Prev [i2e [os [13 | 9 [oss [no | =as [io | 33 | 40 | 13K [700 | — | — | — 
pe as ek ee os eee ee eet rt 2 te 
TBFWE | Remote Cut-off Pen. ree fis for [55 [5 [ooss iso | — [ioe [as [| eux [ao [ — | — |= 
18FX6 | Oval Control Heptode [7c [ie for | — | — | — fo | — [— | — | 23 [ox | — P= P= [= 
1BFYE | Vigha Tode—Diose 2 RC EE a WY OP 
2565 7CV aig | fe [os 10 4.781 no | am baaent tak | fof | eek [ia 
eee Ok ee los we re iw |) ae |g | 1 
3585 | Beam Pwr. Amp. 7ez [35 [0.15 |u| 45 [oa [io | —75 [no | 37 | ae | — | soo | a | 2K] 15 
5OBS | Bean Pwr. Amo. rex _|s0 [ois [136s [os rio [75 [no] ayes | soe | tak rao aoe | 2k | 9 
sees [Been w.fon. 96 | 5 [oss [ot Fas fon en lae ees peak aie | et ges oe 
12.6 | 0.45 | 47 | 0.67 120 SS ee Race ae THK Eee | — | = 
cite ceenserone —[m_ Pert tebe teeter tet ater ear = t= = 
5722 pues Generates Pee See ee Se es ee OP aie 
EN ovine (we fol [mle fo fe Le [== [= [ml | 3 = | = 
5879 | Sharp Cut-off Pent. | AD [ 63 | 0.15 | 27 | 24 [015 [250 | —3 [100 | 04 | 18 | 2meg. | 1000 | — | 
ee ee te ee ee eee 
6887 Max. peak inverse plate voltage = 360 V. Max. d.c. plate current each diode = 10 ma. 
ee Uo a ee fon oa io = | | x eo) P| 
7189 | Pwr. Pentode ov | 63 [076 [108 | 65 [0s | 20 | —73 [20 | 55 | @ | 40K | NaK] — | — [= 
Sharp Curof Sey baat ro [ae os. sO. fs | 88 ie ak, ed fe 
BEE Wo rueses Iifods Ce eee ea ie a eo 
Peeper 70D yes [ale fae [soot jay | 3 [10 | ov | 2 | meg po 
9002 | Uni. Triode ES eM ae A Ca 
9003 Zapr ae ie aA eT bem es [io Shan pe er poe OS ee ef 
9006 6BH Max. a.c. voltage =270. Max. d.c. output current=5 ma. 


1 Per Plate. 

2 Maximum-signal current for full-power output. 
3 Values are for two tubes in push-pull. 

4 Unless otherwise noted. 


5 No signal plate ma. 

6 Effective plate-to-plate. 
7 Triode No. 1. 

8 Triode No. 2. 


9 Oscillator grid current ma. 
10 Values for each section. 
1 Micromhos. 

12 Through 33K. 


TABLE II—METAL RECEIVING TUBES 


Characteristics given in this table apply to all tubes having type numbers shown, including 


metal tubes, glass tubes with ''G”’ suffix, and bantam tubes with "GT"' suffix. 


or "G" and "GT" tubes not listed (not having metal counterparts), see Tables Ill, V, Vi and VIII. 


Fil. or Capacitances w « 
7 a Heater E as E 
e on = 
fete lah sal fei del ae ag Ua ad a a} 
ir.) = 5 v s 
as | 32 | sz ze <i | 82 | 36 
he IE ey 2 Be ee 
Rentagad Coav. Exe (Osc.) 250 V. hrongb TK Grd taster (Osc) GK G24 wa nsOd wd. 
To ae eg a 
1852 | Stor So Cee Ss oe ae 
GAGT | Par, Ano. Pent fy rasb ast re tome tae 150 Ket] ees ORL 
Be se are eee Nee ara ore ee wes ae eee 
Beg Medion At Amp. alg ees sree Ok) we) ep 
Triode Biased Detector Plate current adjusted to 0.2 ma. with no signal. 
FS a SS 
Ai Amp.!, § a0 oe | 31/34 2600 | 68 [4k | = 
Fey ae peo os ee OC ee 
ges, ea ee ee a 


6F6 


6H6 
655 


637 


6K7 


Pwr. Amp. Pent. 


Dual Diode reg pos] 
Medium. Triode 
Sharp Cut- Ai Amp. 

off Pent. Biased Detector 

Variable-u R.f. Amp. 

Pent. Mixer 


P=165 [on [efit 34/96 | BR] 2500] — | 7K 32 
oe ee 
Pars =26 [250 [6/20 | a4fan | — | — |e] 10K? | 185 
Pare[ao® [250 [0/8 | say | | 9a | t0Kr [19 

Max. a.c. voltage per plate = 150 r.m.s. Max. output current 8.0 ma. d.c. 


7a | 
Eeaer Ee reek ce A GS al 
ele iol ee eee = 


att 


250 | 10K* | 100 | Zero signal cathode current =0.43 ma 0.5 meg 
| oe | 7 [ome a8 10.5 | 600k] 1650 [990 [| — | — 
| =10 | 100 


Osc. peak volts =7 


V20 TABLE II—METAL RECEIVING TUBES—Continued 


Characteristics given in this table apply to all tubes having type numbers shown, including 
metal tubes, glass tubes with ''G”’ suffix, and bantam tubes with ''GT"’ suffix. 
or ''G" and "GT" tubes not listed (not having metal counterparts), see Tables IL, V, VI and VIII. 


Fil. or 


“ N “ 
Heate E - | E 
Type Name Base : a 58 Ss na 
G - re) 4 ° g 2 
: - c= ° 
Vv. oo oY oe dot s5 
ame [ ee [eu [ee | § ed | ed | 23 EEL 
a = a ok | 3) 
Hexode Conv. Triode i : ees Ig1 (Osc.) =0.15 ma. 


250 
250 sara] Taye} ae 


Self Bios soo me [moo ayas [aif || — far | as 
| 250 72/79 65 
Fra Baa 350 | =18 | 250 | 25/7 | 84/66] sak. 5200_| 181 | 42k [108 
Nee 10/15 | 190/190 | _— | — | 36m | sk 138 
Self Bios Ye A EE 
ree. P= 16 [250 [0/1 120/140 145 
aoe 7005 35h 175 
AB, Amp.é Self Bias pao | a0 [afr | eayreo |= a 9k7_| 24.5 
rope P=ms [a0 [5m] ea/40 | || aa) 
Fixed Bios g8/is2_ | | | ae] 6ae7| 288 
Rees 360 |= 18 | 235 | 3a | 7e/u2 | — | — | son] ake [at 
Fixed Bios 30 | = 25 | O70 | 8/16 | -88/05.| — | — | 7a | ae far 
Bs Borner ET a ea Be PE ett 
ixor Amo. Mixer Pao 6 [150 | 92 | 83 meg: | 250 aN 
a Ea ce ee 
: Poa [ras =o ee 
6a7 Bu Prep ast at ear afar as = 
6R7 pod acenteose tw pes fos fas 96 peep 9 as ake 028 
FT CN OI Grid Nox | resistor 2K. 
et eto ea] as oe 
6SB7Y_Pentagrid Conv. 63 | 03 92-1013 » Se Pio [10 | 88) meg | 950 | 
Osc. Section in 88-108 Mc. Service. 
557 rastos[ ot gia) op 2 fo | | 2 | aos re 
Oe ee as Cn a OE 
65F7 perros tar ete ea eee = 
567 Hit Ano. Pent [eB [63 [03 [es | 7 {nog [a0 [25 fe [a4 [92 | tneg [aon | 
68H7 Hi. Amo. Pent. @BK [43 [03 | a5 | 7 [000s | 950 | —1 [15 | 41 | oe | 90K | 490] — | — |= 
S517 harp Curl Patan Pes Pus |e 7 fooos [2a =a [eo 08] 3 | Tog [te | ep 
6347 Norcbexw Pon fan fos fos [7 foous [aso [3 feo [26 [9 nk Yoo P 
ESQ7GTpiel Diode Highs Vode —[ ea —es[as [ar] 3 [ie pam] 2p — [=p 09} 9k} 100 | 0 | 
65R7 pelDiodeTinde ea [ sa [0s | 8a] ae (ze peo =e [tas aK a = 
ma [05 [en [97k 9/30 |x 2 
i A Amps 250 | = 125 | 250 | 45/7 | 45/47 | a0K | 4100 | 128i) 6k | 4S 
6V6GTA Beam Pwr. Amp. ZAC) 63.) G45 110° 1D 54.035 Jf 3l8 5.5 
3 ees 250 | = 18 | 250 | 6/13 | 70/79] 60K | 3750 | 301} 10K" [10 
a ms [= [oes | ayres | roye | rok | 300 [ae | a 
SX EO = 
5693—Blare CuvolfPon Tana Tas a3 | € ooos oar | 3] 100] 0s | 3 | meg ef 
* Cathode resistor-ohms. 4 Also type 6SJ7Y. 8 Osc. grid leak—Scrn. res. 12 Micromhos. 
1 Screen tied to plate. 5 Values are for single tube or section. 9 Values for two units. 13 Unless otherwise noted. 
2 No connection to Pin No. 1 for 6l6G, 6Q7G, 6R7GT/G, ¢ Values are for two tubes in push-pull. 10 Peak a.f. grid voltage. 14 G3 voltage. 
6S7G, 6SA7GT/G and 6SF5-GT. 7 Plate-to-plate value, 1 Peak a.f. G-G voltage. 15 Units connected in parallel. 


3 Grid bias =2 volts if separate oscillator excitation is used, 


TABLE Ili—6.3-VOLT GLASS TUBES WITH OCTAL BASES 


(For “G"' and "GT"'-type tubes not listed here, see equivalent type in Tables Il and VIII; characteristics and connections will be similar) 


te se ce : “ ,e . 

eater pu. £o 

Type Base e A 5 oy ii 3 ‘e 
on Gu ® Os. me 9 a) va 
=e. os = =4 £s = e =e 
3.8 55 af ee hea 3/698 |e 
ae a> a= ae |-s “a | Sas sO 


Outer edge of any of the three illuminated areas displaced Ye in. min. outward with +5 
ead | Electron-Ray Indicator | | Electron-Ray Indicator | ap eels jos | Me volts to its electrode. Similar inward disp. with —5 volts. No pattern with —6 volts grid. 


6AQ7GT oe Mae eee 
GARE Bon Paes | SOG | 6 | LE 7 od Ss ea Se re 
6AR7GT | Dusl Diode—Renote Pent | 7DE | 63 [03 | 55] 75] 0003] 250 | —2 | 100] 18 | 7 |12meq | 2500] — | — | — 


GAS7GA | low-n Twin Tode—D.C.Anpi| eBD_ [és [a5 [es | aa 75 [res [aoe [ — [fas | oak | row 2 
6AUSGT és pias [ia] 7 [Ose | tis |) =a | ars | 68s .[ 6 Oi) eke | 8600 
GAVSGA CS CB 
SBDSGT SEAT i A Ses 
SBO5GA | Boon Fr. Anos sr [es fos fn | 6 fos | ao | is [aso [7s [sk | eo | | 
SBL7GTA | Mediun-u Dual Trodet | @BD_| 63 [15 | 44 | 09 [6 | 0 | -9, |— | — | © | 21K| 70] 16 | — [= 
Ss or fafa fis [> [oo [oof ns fief | - 
SBX7GT_| Diol Tioga) | ab ass a a ee 
SCBSA | Geom pwr. An’ —*4| 8GD | 63. [25 2 | 10 [os | 7s] 3 [ws] se | 0 | &« |eof— | — |— 
SEDGGA [Boon Fur.Anps— Fser_[es fas | | 9s poe [vs [oo bs | ss | 7s | 7ak | 700 | | 
6CKA ae [63 [|B 1865 | SO | Hee 8B UK | 800 a7 
Sci [Bean For. Anp® [sob [43-25] [is Tors} aos eae poe 
SCU6 | Beom Pwr. Anp* | 6AM | 43 [12 | 15 | 7 [056 | 20 | —225 [180 | 21 | 55 | 2K [S00] — | — | — 
SDGEGT | Beam Pwr. Amp. dS 8S 2 | — | — | — | 200 | vor | 125 | 87 | a7 | ek [e000 | — | «| 3B 
6DN6 Seer rene P Spo bes perborate fs eo 2 


6DN7 Dissinilor 63 4. | 360 [8 Bs OR 2500) 225s) 
unis tiede ig bea 5.57] $50 [9S ff 68 2 177001] 1S 


< 
NS 
= 


TABLE Ill—6.3-VOLT GLASS TUBES WITH OCTAL BASES Continued 


(For "G”" and "“GT"-type tubes not listed here, see equivalent type in Tables If and VIII; characteristics and connections will be similar) 


2 | 2 : 
£0 
ives Name : 5 g Z 5 3 
- - 2 cs Uv. =f 
oo oS sos a8 o> 
a= ae |e Sa |30 
6Ba5 no [Sak 
SES aes ae ee aa es, 
6EA7 Dissimiliar— eee te5s, [BAGEL | A900: i) OS Eisl sens — 
Dual Triode ; Peon TnOls es | 6500! | 5 — = 
SEF 9 EO ee 0 
6EY6 ~~ | Beam Pwr. Pent. 7 sie LO 
6EZ5 Beam Pwr. Pent. f 7 ° 
6FH6 | Beom Pr. Pent. eam [ssf i2 [as [soa 0 | = [a | ra = 
6K6GT | Pwr. Amp. Pent. 0.4 6770S 4/9 | 25/28 4.5 
6S8GT _| Triple-Diode—Triode 2 ee ee as 
GSD7GT_| Semi-Remote Pent. rant [aa os Pe 7s fossa Sas faa 700K 
6SL7GT_| High-p Dual Triode! Sots CEOs ave sai is 
6SN7GTB | Medium-y Dual Triode! faeces las bala ee PD Ne 77K | 2600 | 20 =e 
6W6GT 200 125 aaeeat ee 3.8 
6Y6GA 07 135 61/66 | 18.3K_[ 7100 [26K] 6 
1635 High- mpaiicede (Le ee = 6.6/54 4 10.4 
7027 [BeamPwrAmp. Ss | SHY [63 [09 [10 | 7.5 [15 350 194 6000 6K3 | 50 
* Cathode resistor-ohms. ‘ 3 Values are for single tube. 6 No signal current. % Cathode current. 
1 Per section. 4 Values are for two tubes in push-pull. 7 Max. value. 10 Micromhos. 
2 Screen tied to plate. 5 Plate-to-plate value, 8 Horz. Deflection Amp. 11 Vert. Deflection Amp, 


TABLE 1V—6.3-VOLT LOCK-IN-BASE TUBES 
For other lock-in-base types see Tables V, VI, and VII 


ductance? 
Res. Ohms 


t 
e£ 
° 
uv 
“ 
i 
2 

= 


Plate 
Ma. 
Load 
Watts 
~| Output 


2 


250 Volts max. 
=) 

TAKT | Shorp Cut-off Fent Pies cata See 11k 

787 peer tw tes foe} 3 te pom tat st wot 750K 7 


Se 
| 68 | 
ale 
ee oe 
7C7_-| Sharp Gui-off Pent © | BV | 63 | 0.15 | a 55 | 65 | 0.007 100 2meg. | 1300 
7E7 [ Decl Diode Pent. —_} sae os | 03 46 | 55 | 0.005 | 250 _| 100 700K | 1300 
oa 


w 
E 
= 
o , 
$5 
a & 


78__[ Medium, Ove Todor e8W_ 63 | 03] aa . 
7K7 eee Ca ee aime 7 eat ee 


* Cathode resistor-ohms, 1 Through 20K resistor. 2 Each section. ~ 3 Micromhos. 


TABLE V—1.5-VOLT FILAMENT BATTERY TUBES 


Fil. or Capacitances - * 
Heate f. E tin E 
Type Base ; Re £ Bae £ es 
(°) ae -s ie) wD 
aor (SE Olek Sale Ba) ee 
5 33 
ae |e3 |<2| Se |50 
1A7GT Pentagrid Conv. oe ee pene eed Ebb Anode-grid =90 Volts. 
1H5GT Diode High-u Triode F 5z. [14 | 4.6 a es 275 | 65 Sie he 
TLN5 Sharp Cut-off Pent. zee rac pie poo 3 8 ar 90 800 


INSGT 0008 Psp fom] 090 ts | Da aaa oes 
366 rex [aa oos | 8 8 ooo [900 oo 1a] 2 ask [ee 


4 Center-tap filament permits 1.4 volt operation. 2 Micromhos. 


TABLE VI—HIGH-VOLTAGE HEATER TUBES 
' See also Table VIII. 


ansivee oes as “ 

Type Base Heater it 5 8 : se a 3 
Peas |S 3 $3 | $3 | G8) £s| Be |ES 
a ae | oe | es | tl | Se | 30 

12A6 Beam Pwr. Amp. ee 0.15 8 9 70K 3000 | — 7.5K | 3.4 

T2EN6} | Beam Pwr. Amp. (or as aaa 28K __| 8000 

| Pio [75] no | 4/i0_| 49/50 13K 2 
oe i sete all a a eee aK | 38 
21EX6 | Beam Pwr. Pent SBT Oey pa 8S =o pws [3 or pax [ro [= [| = 
50C6GA | Beam Pwr. Amp. 7S Sa 7100 26K | 6 
—TI7N7GT | Rect.—Beam Pwr. Amp. | 8AV riz. | 00 | — | — [-— | 100 | —6 | 100. | 16K 7000 | 3K 1.2 
Bass [Secor Pen 78 [as fea fT hss 25/145 [61/9 43 
6082 aap [25 [ 06 | 6 | 22 [6 [135 | 250% | =| —=--[125 | 026K | 7000 PS lee 


* Cathode resistor-ohms. 1 Each section. 2 Micromhos. 
$ Controlled heater warm-up characteristic. : 


TABLE VII—SPECIAL RECEIVING TUBES 


V22 


Fil. or ” 
Heater E La 
Type Name Base z 5 8 g 
oe o wo “vo 
o= - — uy ier} 
oo ee Zo 85 
a> a= a a ia} 
3Q5GT Beam Pwr. Amp. , OO TTA Sel 90K 
6F4 Acorn Triode Ota oe 13 29K | 5800 | 17, | — | — 
614 Acorn Triode ae BS 9.5 | 44K | 6400 = 
7E5/1201 | H.f. Triode SS ee ee eS 3000 | 36 [| — | — 
Detector Amp.— Ai Amp. 1 So OZ 2 Imeg. | 1400 | — [| — | — 
954 : = F 
Pentode (Acorn) Detector 100 lp adjusted to 0.1 ma. with no signal. = 
; fi 68] AK | 2200) 2 te ee 
955 Medium-u Triode (Acorn) 5 25 147K 1700 25 ease aes 
Remote Cut-off | Ar Amp. 100 27 67 | 700K 00 [ — [| — [ — 
956 : ; : 
Pent. (Acorn) Mixer 100 Oscillator peak volts —7 min. | — | — 
958-A Medium-y Triode (Acorn) : = a 3 10K 1200 12 — = 
959 Sharp Cut-off Pent. (Acorn) pen) 0.015 } 135 =o 67.5 | 0.4 7d 800K 600 = — — 
1609 Amplifier, Pentode 7 1 135 abo 67.5 | 0.65 2.5 | 400K 725 = — — 
6173 U.h-f. Pencil” Diode Plate to K=1.] Peak inverse —375 Volts. Peak |p—50 Ma. Max. d.c. output—5.5 ma. — 
7077 Ceramic U.h.f. Triode 0.01 20 [.-—5 | —-[ — ] 64 8K |. 9000)[ = ae 
7360 Beam Deflection = For Data See Chap. 11 
9004 U.h.f. Diode (Acorn) : Plate to K=1.3 Max. a.c. voltage —117. Max. d.c. output current—S5 ma. 
9005 U.h.f. Diode (Acorn) | 5BG | 36 | 0.165 Plate to K=0.8 Max, a.c. voltage —117, Max. d.c. output current—1 ma. 


* Cathode resistor-ohms, 


1 Center-tap filament permits 1.4-volt operation, 


TABLE VIII—EQUIVALENT TUBES 


The equivalent tubes listed in this table are, in general, designed for 
industrial, military and other special-purpose applications. These tubes 
are generally not directly interchangeable because of mechanical and/or 
electrical differences involving basing, heater characteristics, maximum 
ratings, interelectrode capacitances, etc. 


2 Micromhos, 


Type Equivalent and Table Base E;! 12 Type | EquivalentandTable| Base | Ei 4,2 
1K3 153 X 3c 1.25 0.2 12BN6 6BN6 0.15 
“TLH4 IH5GT Vio |. sSAG so] he ee] O05 te EARQSGAT 6BQ6GTB TT 06 
3EAS 12BQ6GT} | 68Q6GTS __il 06 
3LF4: 3Q5GT vil 6BB 12BQ6GTB{ 6BQ6GTB 06 
3V43 6BX 12BT6 6BT6 ] 0.15 
4DK6 | 7CM 12BU6 0.15 
SEAS apsies Ceag See AW ety ae 
5FVB 6FV8 = 
6A6 6N7 ] 12BZ6{ 0.15 
6A7 6A8 | 0.6 
GAEB 6K8 i mans Paes 0.15 
6AU7i I2AU7A 06 
6AX7!° }2AX7 | 12CM6 0.225 
6C6 67 i pEYAGRG? Susy] O18 
6cset 6CR8 12CS5{ 06 
6Cus 6AN8 ] 12CS6 0.15 
6EW6 4EW6 ] 12CU5{ 06 
6SU7GTY 6SI7GT i 12CU6 06 
6Y6GT 6Y6GA ii 12DB5{ 06 
7A4 635 ] 12DF72 0.15 
7A6 6H6 i 12DQ6A} 0.6 
7A7 6SK7 \ 12DT5 06 
784 6SF5 | 12DT8 0.15 
7B5 6K6GT ti 12DW5{ 06 
7B6 6SQ7 12EF6{ 0.45 
7B8 | 6A8 0.15 
7C5 oe 0.15 
7EY6i 6EY6 M 015 
7F7 _|_88t7GT il 12J7GT 0.15 
7H7 6SG7 i 12K7GT = 
7N7 6SN7GT Ul 12K8 O15 
10EB8{ 6EB8 ] 12SA7 0.15 
12A8GT 6A8 q 0.15 
12AL5 6AL5 ] 0.15 
12AT6 6AT6 | 0.15 
12AU6 6AU6A ] a 
12AV5GAt 6AVSGT uy 0.15 
12AV6 | 6AV6 | 7BT 12.6 0.15 6SJ7 i 8N 12.6 0.15 
12B4 12B4Ai3 ] 9AG 12.6 0.3 12SK7 6SK7 I 8N 0.15 
12BA6 6BA6 ] 7BK 126 0.15 6SI7GT II 8BD 12.6 0.15 
12BA7 | 6BA7 O45 eo 6SN7GTB il 8BD 12.6 0.3 
12806 5805 78K 0.15 03 
12BE6 68E6 Wists ek 3 ies PY See PS 8Q 126 0.15 
12BF6 78 CNT eas | LE TY ames (SDR a SM 
128K5} 6BKS | 06 7s} 2weeth =| ewecT Wf 7S | ao fe 
12BK6 68K6 | 0.15 126 0.15 


TABLE VIII—EQUIVALENT TUBES — Continued V23 


ee ee 
Rae 


T4AF7 TART Vv | eaAc | 126 RIS GSSISe ee a PO [6S 
1486 OSGI Tis Ne Dee eWay at | SOON oon gen (AQAUZA SI | PAT ee F926 OOD 
14F7 SCT ee OAC Wika a ON re SURF ee | CRA Goole PBR ep ea] OS 
T4N7 eee We RAC Ce ie ef 0S a | BOOS DAW, estar | PA oo ae [020s 
1407 SSA7 ee ORL IR SOS 7AC 03 
TOCLBA 6CIBA ROP | NOR dey ONS He OORMSe ee | WIA eh IT 9A. or. |. ke | CONS 
25BQ6GA 03 6BT 03 
25BQ6GT GAM 25 08 ir) OOS ee pe Be fe OBO Sf ed Pee OS 
25BQ6GTBi 6BQ6GTB i 6AM 25 0.3 12AT7 ese ee), ae ee eee 
25¢5 7CV 03 | 60st | eVeGTA | 9AM | 63 | 2045 
25C6GA 03 03 
25CA5 6CAS | Ty | Ra EL a RR 
25CD6G 6CDEGA__il sBT 2 0.6 03 
25CD6GAt 5BT 25 0.6 12AU7A ] 9A 0.15 
25CD6GBi 6CD6GA It 5BT 25 0.6 6.3 2.5 
25CU6 6CU6 Mi 6AM 25 0.3 RiGVONS a= 95 354|s -OIGA ein pleat AT BE ey rhs 68 0.45 
25DN6} 6DNé TT 5BT 25 0.6 PeOlS8e s)he BONG eek = BA 6.3 0.75 
25EC6} 25CD6GB___Vil 2 05 Sia) ONS ee BAU | BIG Pe a8 03 
25EH5 6EHS | 7¢V Gc OS ee MI TKO 9 85 03 
25L6GT 12L6GT VI 7S 25 0.3 Press ein) AQAW oper ee GAs fee 126 0.15 
a5SA7GT | “6sA7GT— sd gAD = Sy 6265 eg OPO Pe GM 68 0.178 
25W6GT 6WEGT I 2 03 63503 03 
35C5 35 0.15 6485 0.45 
35L6GT 3585 | 7S 0.15 6660 03 
41 6K6GT li 6B 6.3 0.4 6661 6.3 0.15 
42 63 07 6562 0.15 
50A5 12L6GT Vl 6AA 50 0.15 6663 6AL5 as ae 6.3 0.3 
50BK5 6BK5 ] 98Q 50 0.15 6669 6.3 0.45 
50C5 ~ | 5085 | 50 0.15 6677 0.85 
_50C6G 50C6GA VI 7§ RS eS 6678 6U8At eee Sen fe 6.3 0.45 
50L6GT 12L6GT VI 7AC 50 0.15 66793 12AT7 ] 9A 12.6 0.15 
75 6SQ7 q 6G 6.3 0.3 66803 12AU7A ] 9A 12.6 0.15 
78 oe ORI A A i eee | on 
417A 5842 ] 0.3» 68292 5965 Vil 9A 12.6 0.225 
1221 6J7 i 0.3 6897 2039 XI —— 6.3 1.05 
1223 617 H 03 7000 617 D 03 
1631 66GB ll 0.45 70253 12AX7 Vil 9A 12.6 0.15 
1632 12L6GT VI 0.6 7054 12BY7 ] 9BF 13.5 0.275 
1634 6SC7 I 0.15 7055 6AL5 ] 6BT 13.5 0.155 
5591 Pigker te ale BD a gees 0.15 7056 0.150 
5654 6AK5S | 7BD 6.3 0.175 7057 6BZ7 ] 9AJ 0.180 
5670 251 | 0.35 7058 0.155 
5679 6H6 i 0.15 7059 6U8 ] 9AE. 13.5 0.195 
5691 6SU7GT i 0.6 7060 0.280 
5692 6SN7GT il 0.6 7061 12AB5 ] 0.210 
5725 0.175 __||_7137 0.4 
5726 6ALS | _ 63 0.3 7167 0.09 
5749 63 7543 6AUS | 78K 03 
5750 6BE6 ] 0.3 7700 6/7 i 6F 0.3 
57513 12AX7 ts sy a Re ae PRE EEC81; 12AT7 ] 9A 0.15 
5814A2 12SN7GT VIP MIC OA aria S126 coe | O75 EEC823 }2AU7A ] 9A 0.15 
5871 6V6GTA l 09 FECES: SAN sa heey ee Pee I 
5881 16GB i 09 KT-664 Ey 
5910 ve SES IS SOARS 22 ae es 0S XXD 7AF7 We OAR ae eon nh Dds 

{ Contrelied heater warm-up characteristics. 3 Heater center-tapped for operation 

1 Filament or heafer voltage. at half voltage shown. 

2 Filament or heater current. 4 British version of 6L6. 


TABLE IX—CONTROL AND REGULATOR TUBES 


Eat ne ths B15 Yaga SSRI eae Mee is am a a ee a eer ee ee eS 
: Fil. or Heater Peak | Max. | Minimum | Oper- | Oper- | 6:4 | Tube 
Type Name Base Cathode Anode | Anode Supply ating | ating |p. cistor Voltage 
| Volts | Amp. | Voltage} Ma. Voltage |Voltage | Ma. se Drop 
ceed 


Pea ae a oe ee ee ee ee 
0A4G Gas Triode 4Vv Cold With 105-120-volt a.c. anode supply, peak starter-anode a.c. voltage is 70 
1267 Starter-Anode Type 4V peak r.f. voltage 55, Peak d.c. ma = 100. Average d.c. ma = 25. 
OA5 Gas Pentode Figi lS ols Gold. 3 ee | Plate —750 V., Screen —90 V., Grid +3 V., Pulse —85 V. 
Bo [rome | wo | ew | — | — |—f—| = |e fee |= [= 
0B3/VR90 Voltage Regulator 4AJ ~ Cold 125 5-40 
0c2 Voltage Regulator BBO) Gold SS eee ee ee ee 0s ee 
0C3/VR105_| Voltage Regulator TEES Ea oS Se ree Pires ER Oa FMT EEO ee oe: 
Bee yeiso 1 Veliccs teaularsr way [Cold | —— es a 
nat Grid-Controlled Rector | yay | wie = A OC 
Relay Tube Ee Sd Sire AG Pel eect Maen Ror bos: 
Ep =350; Grid volts= —50; Avg. Ma.=25; Peak Ma. = 100; 
6D4 Control tube Htr. 0.25 Voltage drop=16, 
90C1 Voltage Regulator _ yb ae [ls ee ee ee IO): Slat | eee ere 
55 ae oe = “3 Oa 
ed ec ee : ip ie ee bee | G00 tel cept ere ce 2O | 20000) | ee 
967 UES aoe a PR a ccm em ee 


Ge Pie wer | el ee ee ee ee 
ig66 | Wollave Reciletor. | AAS | cold | | P70 | 40 | —— 
1967 Relay The =| a cold st — Chorctistcs some as OMG 

2050 memcomeleiscter 2. 8A | aH) Pee a Ok | eo | OO. Po I 
5651 Evaes Wane ei BOO cee eee pl ee 
3662 Hie 200 [Ta to Fase — 1 Amp, eyele, half-wave | WY. 
Pons | 5008 | 
om 


bee eaten oe ON or en 2 
5727 | Gos Tryrowon LON | re oe 


V24 


Fil. or Heater 
Type Base Cathode 
ee Eee ee 


5823 
5890 


5962 
5998 
6308 
6354 
KY21 
RK61 


TABLE IX—CONTROL AND REGULATOR TUBES—Continuved 


Relay or Trigger “Cold 
Shunt Regulator 12J Htr. 
Voltage Regulator 2AG 

Series Regulator 8BD Htr. 
Voltage Regulator 8EX Cold 


—— Regulator 


esses cease 
[-Grd.Conroted fection [= Pn, son 0 


al TALE 12 


eee 


aces 


Peak Max. Minimum | Oper- 
Anode | Anode Supply ating 
Voltage | Voltage 


Oper- 
ating 


Grid | Voltage 
Resistor| Drop 


Tube 


Max. peak inv. volts = 200; Peak Ma. = 100; Avg, Ma. = 25. 
Eg1= —60 volts; Eg2=200 volts; Eg3 = 5500 volts. 


Ep =30000 volts; lg2=0 Ma.; 


Se a are 
tabi cmerectclh 


125 


Ip Max. =0.5 Ma. 


He 


mn 


[Rodio-Controlled Relay fo —t | A P08 | dS 0, OR 


1 No base. Tinned wire leads. 
2 At 1000 anode volts. 


3 Peak inverse voltage. 


4 Megohms. 


5 Values in « amperes. 
6 Cathode resistor-ohms. 


TABLE X—RECTIFIERS—RECEIVING AND TRANSMITTING 


See Also Table IX—Control and Regulator Tubes 


, 2 ti orbs SP MS (ou | aenel te 
‘Type Nome pase Cathods Amp 5 Voltage Current Peak aie Type 
E Per Plate Ma. Voltage 
1K3/1J3 Half-Wave Rectifier 3C Fil, 1.25 0.2 — —— HV 
1V2 Half-Wave Rectifier 9U Fil. 0.625 0.3 ne ae RE ee ae 
2B25 Half-Wave Rectifier 3T Fil. 1.4 0.11 1000 et i awe RS 
2X2-A Half-Wave Rectifier 4AB Hir. 2.5 1.75 4500 7.6 | ee 
2Y2 Half-Wave Rectifier 4AB Fil. 2.5 1.75 4400 Oe ee Ge 
222/G84 Half-Wave Rectifier 4B Fil. 2.5 ES 350 50 | o—— [. — |] HV 
3B24 Half-Wave Rectifier Fig. 49 Fil. oa 3 = “4 ~ HV 
3B28 Half-Wave Rectifier 4P Fil. 2.5 5.0 — 250 GAS 
3003 3503 
5AU4 Full-Wave Rectifier 5T Fil, 5.0 4:5 1400 1075 HV 
5004 3254 
4503 2503 
5AW4 Full-Wave Rectifier 5T Fil. 5.0 4.0 5504 754 1550 750 HV 
epee Full-Wave Rectifier 5T Fil. 5.0 20 — 2800 650 HV 
5U4G Full- Wave Rectifier 5T Fil. 5.0 3.0 Same as Type 5Z3 HV 
: 3003 
5U4GA Full-Wave Rectifier 5T Fil. 5.0 3.0 1550 900 HY 
5504 
2 Git eIGe Renee eR aaa a 3003 
een iFull- Wave Rectifier 5T Fil.- 5.0 3.0 1550 1000 HV 
5504 
5V3 Full-Wove Rectifier 5T Htr. 50 3.8 os 1400 1200 HV 
5V4GA | __ Full-Wave Rectifier pe. Seer Bea 5.0 2.0 3753 525 HV 
5X4G Full-Wave Rectifier 5Q Fil. 5.0 3.0 Same as Type 5Z3 HV 
5Y3-G-GT Full-Wave Rectifier 5T Fil. 5.0 | 2.0 Same as Type 80 HV 
5Y4-G-GT Full-Wave Rectifier 5Q Fil, 5.0 2.0 Same as Type 80 HY 
523 Full-Wave Rectifier 4c “Fil. 5.0 3.0 RR eee ee ae es eee HV 
5Z4 Full- Wave Rectifier 5L Htr. 5.0 2.0 Oe Gee ee ee ie HV 
6AF3 Half-Wave Rectifier 9CB Htr. 6.3 es — 750 HV 
6AV4 Full-Wave Rectifier 5BS Htr. 6.3 = OVS, ape wh a ate Meme SS 250 HV. 
6AX5GT Full-Wave Rectifier 6s Htr. 6.3 REE. 450 375 HV 
6BW4 Full-Wave Rectifier 9DJ Htr. 6.3 (oe 450 350 HV 
6BX4 Full-Wave Rectifier 5BS Htr. 6.3 0.6 90 270 HV 
6BY5G Full-Wave Rectifier 6CN Htr Fs a es 3753 175 1400 525 HV 
6CA4 Full-Wave Rectifier 9M Htr 1.0 3503 150 1000 450 HV 
6DA4A Half-\Wave Diode 4CG Htr —— 155 4400 900 HV 
6U4GT Half-Wave Rectifier 4CG Htr — 138 1375 660 HV. 
6V4 Full- Wave Rectifier 9M Htr Sas eae ea CC ee Se eae —— HV 
SrI063 | Full-Wove Rectifier ee Hie oe 70 1250 210 HV 
6z3 Hall: Wave Rectifier 4G aN EAS eA RS WR CR Sa Sr AV 
if 09 
oaks eae epee Rectifier 9BS Htr, 450 100 1275 350 HV 
12x4 Full-Wove Rectifier 5BS " oe Hy 
a he! ire aca 70 1250 210 
25Z5 Rectifier-Doubler 6E Htr. 500 Hina 
35W4 Half-Wave Rectifier 5BQ Hy. 257 [beset a ens PRONE, a | bc oS Cam eee lcnd | Gian Ameo Ne 600 aL ene 
35Z4GT Half-Wave Rectifier 5AA Htr. 35 700 600 Hye e 
35Z5G Half-Wave Rectifier 6AD Htr. 35! | — | — HV ~ 
36AM3 Half-Wave Rectifier 5BQ Htr. 36 Briere Rees eae 365 530 HV 
50DC4 Half-Wave Rectifier 5BQ Htr. 50 ee BS ee a OR ore 720 HV 
50Y6GT Full-Wave Rectifier 7Q Htr. 50 85 —- — HV 
80 Full-Wave Rectifier 4c Fil 50 a = 1400 375 HV. 
SSO A oral eate 
83 Full-Wave Rectifier 4c 800 MY 
a3-V full: Wave Reciifier 40D [Air [00 
117N7GT Rectifier-Tetrode _ 8AV Htr. 17 oe VOR pel he table © eth par 1b eb 350 450 HV 
11773 Hall: Waveweciifier slo r4CB clr 7 Bie | MWA pom OU tal Rear a (anny. Hanna = HV 
816 Half-Wave Rectifier 4P Fil. Re ae ae ae ee ee aa 7500 500 MV 
836 Half-Wave Rectifier 4P Htr oe ee eee ee ee 5000 1000 HV - 
B66-A-AX | Holl-Wove Rectifier [  4P | fl [| 25 | 60 | 300 | 280 |  10000| 1000. | MV 
866B Holf-Woave-Reactifier . - aps. Fil. 5.0 2.0 8500 4 1000 MV. 


OT 


BR Fe TERS FI RRA Nn 


TABLE X—RECTIFIERS—RECEIVING AND TRANSMITTING—Continued — V25 
See Also Table IX—Control and Regulator Tubes 


‘aad 


Half-Wave Rectifier rae, a) 


| __Half-Wave Rectifier | Wave Rectifier 


Max. 
Inverse 
Peak 
Voltage 


Peak 
Plate 
Current 


Output 


Current Type 


872A /872 


' Tapped for pilot lamps. 5 3 Capacitor input. 5 Using only one-half of filament. 
2 Per pair with choke input. 4 Choke input. 


TABLE XI—TRIODE TRANSMITTING TUBES 


Maximum Ratings Cathode Capacitences 


Typical Operation 


5 é| 3] 3] 2 Salles sees He z 
Type 2 = ive co si) S Le, Zig rere Ble ae 
o - < c| = 2 ¢ o% © . Spee en ear oO) |e ee 
ese eo cp eres: eka ee | eF| oF] of | Cs esis] £28 
Boo. 35 5| es5/ — 3 E So | SS) Fo] 85) Us (aeo| 48) 25.5 
a2as a0 s) a} < > < On |a>]| OF>/] 20| ad/daoa/a3| cOa 
958-A hone ee biter Olline sy 0.654 ’ 0.8 | 5BD SiR) 135 | —20 7 1.0{ 0.035] — 0.6 
656A 72 300 | 30 | 16 250 ae 63 | 0.45 x 0.4 | 7BF Cr 150] S10 O80 1s Se 0.35 he — 3.5 
9002 per op 250"| 38 2.0 | 250 63 | 0.15 i r1__|7Bs CTO 180 | —35 7 15| — [| = 0.5 
955 180 | 8 2.0 | 250 14 [06 | 58¢ CTO 180 | —35 7 s| — | — 0.5 
ge) 180 | —30] 12 20[ 0.2 — 1.43 
12 0} 300} 13 4 155 1. 
mms [wf mie { sf es | ul ow] ie [ome Peet pte erate tet 
—15 
6F4 20 | 150} 20 8.0| 500] 17 ee 9 |06 |7BR CTO 150} 2 550*1= 320 7.51, 0,2 — 1.8 
20004 
pe | 2 15 “Tose cro | 30 [=o | [7 f[— |—! «0 
6026 PSP 058 Aig s 16: ORO 05) 16004 20 ees ee 
HY615 CTO | 300} —35] 20 2.0] 0.4 — 4.03 
4, 20 0.1 1.2 
HY-E1148 = ee fash tt Be ep 300 | —35 | 20 3.0| 0.8 — 3.53 
6C4 50 | 350 | Oo eas OS Teen (ge OG | "C10 1 mo Sa | 25 Pol oge | es 
2C36 5 Fig. 21| CTV] 1000s] 0] 9008] — | — | — | 2008 
2C37 5 — | 3300 185 | 0.02 Fig. 21| CT-O12] 150] 30004] 15 36; — | = 0.5 
5764 5 15005] 11.5] — | 3300 z 1.85 | 0.02 | Fig. 21] C:T-O16] 10005 0 [ 13008 | — — | — | 2005 
5675 5 165 | 30 8 | 3000] 20 0.135] 23 | 13 | 009 Fig. 21 GGO 2 =8 | 25 4 |, — | — 0.05 
6N7GT? 55% 306 | soe] tof 35 | 63 | os | — | — | — |e | crov, 30 || 0 | 0] — | — | 1s 
2C40 65 | 500 | 25 | — | 500] 36 0.75 | 21 -|-1.3- | 0.05. |-Fig.. 11 | aS 0 —5| 20 03, — | — 0.075 
Ske Ses ea ee = 6.5 
07 
5893 8.0 | 400 | 40 | 13 0. Fig. 21 = : = =y Fel ea ee Ds MT: — 
CT 350 | —so}; 35 | 15 — | = = 
-64 d 0. — 
GL-6442 8.0 | 350 03 om CF eel (eee CAGES ee — 
acial 10 | 300 | @0 | 2 4 | 24 |05 |Fig.70} CTO | 300] —36} 80 | 20 p18 | — | 16 
2C43 12 500 | 40 | — 7 | 0.05 | Fig. 11 470 | — 37 | — |] — [ = 97 
CT 350 | 58 40 PS ah 8 — | 10 
6263 4c0.| 55 | 25 0.08 a Sd ae ee — : 
6264 50-4325 0.07 _ CT 350'| —45 |. 40 | 15]. 3 = 8 
CT 450 | —140] 90 | 20 | 52 — [| 2% 
: 18) 26ble Os PE QE Src rr 
HY75A 450 | $0 | 25 WEARS NSEGS che 2G 6 = CPT OMT a RIA Sas oe 
Cr 600 | —150 | 65 | 15 | 40 — | 2 
801-A/801 | 20 600 | 70 | 15 C0 reat 7S 125 a5) A Sieh 6.0ac Leek 4D Ca 500 | -190 | 55 | 15 | 45 — | 18 
B7 600 | —75 | 130 | 3209 | 3.08 [10K | 45 
x Ci, 750. |" .=88 Jo 85 [182 | 36 — | 44 
: 1.75 3 
T20 20 FOO BS = |-25 60 | 20 7.5 7 BG 15 Pot OZ G = Santi ae Sa 
CT 750: |° 4051 86) 28 |. 3.75 |) — haa 
TZ20 60 | 62 7s al i By Asan ERS Yer neo er| eth gem a 1 C) CP 750 | —100 4.8 — | 38 
| B7 800 0 160? | 1.88 | 12K | 70 
15E18 600 | 25 BiG nel eden Lane Fig. 51 63 | 18 | 4.0 — | 100 
Chel 2.2 — | 75 
Zar = 72 : 1.3 — | 47 
3-25A3 25 2000 | 75 | 25 60 | 24 63 | 3.0 DT eS 3G 
B7_- | 2000 | —80 | 16/80] 2709 | 0.78 | 55.5K | 110 
3¢2818 100 SRS 0.1 | Fig. 31 2000. | —170 | 63 { 17. | 45 —. | 100 
3C3418 60 3 Peete kr elOs 1 3G CTO | 1500 | —110 ea — | 75 
3-25D3 Ne Ca te es = sor tena il ame ots Rea oe 7000 | —80 i ESSE, 
24G ie Set 08 B7 2000 | —85 | 16/80] 2909 | 1.18 [| 55.5K[ 110 
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Characteristics 


Maximum Ratings 
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Code for identifying typical junction transistors, The leads are marked C-collector, B-base, E-emitter and S-interlead shield and metal ease, 


V32 3 TABLE XV CRYSTAL DIODES' 


Max. Max. Min. Max. 
Type Use Inverse Average Forward Reverse 

Volts Ma, Ma.2 p-Amp. 
1N21B4 Mixer Aug. Freq.—3060 Mc. 10.3 db. Overall Noise Figure 
IN21C4 hs Mixer Aug. Freq.—3060 Mc. 8.3 db. Overall Noise Figure 
IN23C4 Mixer Aug. Freq.—9375 Mc. 9.8 db. Overall Noise Figure 
1N254 . . Mixer Aug. Freq.—1000 Mc. 10 db. Overall Noise Figure ~ 
1N34 General Purpose 50 5.0 800 @ —S50 V. 
IN34A General Purpose 50 5.0 500 @ —50 V. 
1N35 General Purpose 2235 TS 100 @ —10 V. 
1N38 General Purpose 50 | 3.0 625 @ —100 V. 
IN38A General Purpose 50 | 4.0 500 @ —100 V. 
IN39A eas General Purpose 40 4.0 600 @ —200 V. 
1N48 General Purpose 50 4.0 833 GY —SOV. 
IN52A General Purpose 50 5.0 100 @ —50 V.- 
IN54A : Hi-Back Resistance ee 5.0 100 @ —50V. 
IN55A General Purpose 50 ht 4.0 500 @ —150 V. 
IN56A Hi-Conduction 60 15.0 300 @ —30 V. 
IN58A General Purpose 50 4.0 600 @ —100 V. 
1N60 [ Vid. Detector 50 5.0 40 @ —20V. 
1N63 Hi-Back Resistance 50 | 4.0 50 WG —S0V. 
1N64 Vid. Detector 50 0.1 25 @ —13V. 
1N65 General Purpose 50 2.5 200 @ —50-V. 
1N66 General Purpose 50 5.0 800 @ —S0 V. 
1N67 Hi-Back Resistance 35 4.0 50 @ —SOV. 
1N67A | Hi-Back Resistance 50 4.0 50 @M —S0V. 
1N68 | Hi-Back Resistance 35 3.0 625 @ —100 V. 
IN68A General Purpose 50 3.0 625 @ —100 V. 
IN69A General Purpose 40 5.0 500 @ —50 V. 
IN70A General Purpose 125 30 3.0 300 @ —S50V. 
IN77A Photo Diode 50 V., 20 MW 
1N81 General Purpose 50 30 3.0 10 @ —10 V. 
1N82 Mixer Max. Freq.—1l000 Mc. 16 db. Overall Noise Figure 
IN82A Mixer Max. Freq.—1000 Me. 14 db. Overall Noise Figure 
IN89 Restorer 80 30 SxS 100 @ —50 V. 
1N90 Af General Purpose 75 30 5.0 750 @ —S5O0 V. 
1N91 Pwr. Rectifier 100 150 470 @ 0.5 V. 2700 @ —100 V. 
1N95 General Purpose 60 250 10.0 500 W —SOV. 
1N96 2a General Purpose 60 250 20.0 500 @ —S50 V. 
1N97 General Purpose 80 250 10.0 100 @ —50 V. 
1N98 se Hi-Back Resistance 100 hee 250 20.0 ee 100 @ —50V. 
1N99 General Purpose 80 300 10.0 50 @ —SOV. 
1N100 | General Purpose 80 | 300 20.0 Uo 5 & —SOV. 
IN116 Sis General Purpose 60 30 5.0 r 100 @ —50 V. 
IN117 General Purpose 60 30 10.0 100 @ —50 V. 
IN118 a General Purpose 60 30 20.0 4 100 @ —50 V. 
1N126A | General Purpose 75 30 5.0 850 @ —50 V. 
IN127A General. Purpose 125 30 3.0 300 @ —50V. 
1N128 wus General Purpose 3.0 10 @ —10V. 
IN151 | General Purpose 1570 @ 0.7 V. 2400 @ —100 V. 
IN152 ePyis General Purpose 1570 & 0.7 V. 1900 @ —200 V. 
1N153 General Purpose 300 1570 @ 0.7. V. 1200 (@, —300 V. 
1N158 Pwr. Rectifier 380 — 
IN191 (eR Computer 90 25 @ —10V. 
1N192 if Computer 70 aT; 50 @ —10V. 
IN198A i Hi-Temperature 100 250 @ —S0V. 75°C) 
1N279 L Hi-Conduction He 6S 200 @ —20 V. 
1N283 es Hi-Conduction Pe 25 — 200.0 80 G —10V. 
1N294 ite Switching ne 70 60 5.0 800 @ —SOV. 
1N295 Vid. Detector 40 —_— —_- — 
1N448 dee 100-Volt Computer 120 = 250 100 @ —100 V. 
1N634 60-Volt Very Low Z 120 —_— 50.0 115 @ —100 V. 
1N636 | General Purpose Be 78 — act PES 20 @ —20 V. 
HB1 T Zener Diode (Zener Volts-7.5) 68 85 ls 17.0 5 Qa 
HB2 4 Zener Diode (Zener Volts-20) 18 50 5.0 5@ —10V. 
HB3 Zener Diode (Zener Volts-40) 36 30 OK 10 @ —20 V. 
HB4 Zener Diode (Zener Volts-75) 75 1 0.9 20 @. —39 V. 
HB5 Zener Diode (Zener Volts-170] = s150. 12 3.03 40 @ —82V. 
HB6 Zener Diode (Zener Volts-300) 270 9 1,53 70 @ —150 V. 
M150 Silicon Power Rectifier aie Max. Rms. Input: 130 V., Peak Inverse: 360 V., D.C. Current: 150 Ma. 
M500 Silicon Power Rectifier Max. Rms. Input: 130 V., Peak Inverse: 400 V., D.C. Current: 500 Ma. 


1A bar, plus sign, or color dot denote. the cathode end of crystal diodes. Diode color code rings are grouped toward the cathode end. 
2At +1 Volt. 

3 At +4 Volts. 

4 Polarity is such that the base is the anode and the tip is the cathode, R-types have opposite polarity. 
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HALLIKITS, we call them—a completely 
new concept of kit engineering that brings 
to your workshop, for the first time, these 
two outstanding advantages: 

First, the unparalleled design experience 
of Hallicrafters’ communications labora- 


tories; and second, production-line proof of 
“Constructability” before you buy. 

Have a wonderful time! Save a bundle of 
money! End up with a station the most ex- 
perienced amateur would be proud to call 
his own. 


A perfect match for the handsome SX-140, both 
in quality and appearance. Hallicrafters’ trans- 
mitter leadership is evident in every precision- 
engineered feature of this erystal-controlled 
75-watt beauty—features as important to old- 
timers as they are to novices. 


e FEATURES: You get excellent CW perform- 
ance as well as AM. Full band switching, 80 
through 6 meters. Enjoy easy tune-up and 
crisp, clean styling that has efficient opera- 
tion as well as appearance in mind. Unit is 
fully metered, TVI filtered. 


e SPECIFICATIONS: Maximum D.C. powerin- 
put: 75 watts. Power output in excess of 35 
watts CW, 30 watts peak AM phone. (Slightly 
less on 6 meters.) Frequency bands: 80, 40, 
20, 15, 10 and 6 meters. 


e TUBES AND FUNCTIONS: 6DQ5 power 
output; 6CX8 crystal oscillator and driver; 
12AX7 speech amplifier; 6(DE7 modulator; 
silicon high voltage rectifiers. 


@FRONT PANEL: Function (AC off, tune, 
standby, AM, CW); Band Selector (80, 40, 
20, 15, 10, 6); Drive control; Plate tuning, 
plate loading, Crystal-V.F.O.; Grid Current; 
Meter; AC indicator light; RF output. 


e REAR CHASSIS: Microphone gain; antenna 
co-ax connector; remote control terminals; 
AC power cord. 


Doesn’t it make sense to team up your skill 
with the experience of a company who has de- 
signed and built more high-performance receiv- 
ers than any other in the world? Especially when 
the result is the lowest-priced amateur band. re- 
ceiver available? 


e FEATURES: You get complete coverage of 
all amateur bands 80 through 6 meters, with 
extremely high sensitivity and sharp selec- 
tivity. Unit has RF stage; S-meter; antenna 
trimmer; and X TAL calibrator. Tuning ratio 
is 25t0 1; 


e CONTROLS: Tuning; Antenna Trimmer; 
Cal. Reset; Function (AC off, standby, AM, 
CW-SSB); Band Selector; Cal. on/off; RF 
Gain; Auto. Noise Limiter on/off; Selectivity 
/BFO; Audio Gain; phone jack; S-meter Adj. 


e TUBES AND FUNCTIONS: 6AZ8 tuned RF 
amplifier and crystal calibrator; 6U8 oscilla- 
tor and mixer; 6BA6 1650 ke. IF amplifier 
and BFO; 6T8A 2nd detector, A.V.C., ANL 
and Ist audio; 6AW8A audio power ampli- 
fier and S-meter amplifier; (2) silicon high 
voltage rectifiers. 


Both units are available fully 
wired, and tested. SX-140, 
r) @ $109.95. HT-40, $99.95. 


New Standards of Performance 
FOR AM and CW and SSB Operation 


Whichever mode you choose... 
you speak with power, and authority, and clarity 
unmatched by any other amateur station one 


Rugged as a boxer... sensitive as an artist! 


SX-101A Receiver: Today’s heavy- 
weight champion, with technical 
features way ahead of its time. 


FEATURES: Complete coverage of 80, 40, 20, 15, 
10 meter bands plus a 2 and 6 meter conv. band; 
Dual scale S-meter functions with AVC off. Special 
10 Mc. position for WWY. Dual conversion. Ex- 
clusive Hallicrafters’ upper-lower sideband selec- 
tion. Tee-notch filter. Full gear drive from tuning 
knob to gang condensers. 40:1 tuning knob ratio, 
100 kc. evacuated marker crystal. Five steps of se- 
lectivity from 500 cycles to 5000 cycles. Direct 
coupled series noise limiter for improved noise re- 
duction. Sensitivity—one microvolt or less on all 
amateur bands. 52 ohm antenna input. Antenna 
trimmer. Relay rack panel. Double spaced gang con- 
denser. 


FRONT PANEL CONTROLS: Main tuning knob. 
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Pointer reset, antenna trimmer, tee-notch frequency, 
tee-notch depth, sensitivity, band selector, volume, 
selectivity, BFO, response — (upper-lower-sideband 
AM-CW). AVC on/off, AVC fast/slow, ANL Cal. 
Rec./standby. 

TUBES AND FUNCTIONS: 6DC6, R.F. amplifier— 
6BY6, Ist converter—!12BY7A, high frequency os- 
cillator—6BA6, 1650 kc. if. amplifier—12AT7, dual 
crystal controlled 2nd conversion oscillator—6BA6, 
2nd converter—6DC6 50.75 kc. i.f. amplifier—6BJ7, 
AM detector, A.N.L., A.V.C.—6BY6 SSB/CW de- 
tector—6SC7 Ist audio amplifier & B.F.O.—6K6, au- 
dio power output—6BA6, S-meter amplifier—6A U6, 
100 ke. crystal oscillator—OA2, voltage regulator~ 
SY3, rectifier. 


PHYSICAL DATA: 20” wide, 1014” high and 16” 
deep—Panel size 894” x 19”—weight approximately 
74 lbs. (Conforms to F.C.D.A. specifications.) 


resistor, thus assuring the maximum stability under 


World's cleanest signal, 


HT-32B Transmitter: Now — Halli- 
crafters’ famous “32” offers a major 
innovation in SSB generation, the 
beam-switching modulator, with greater carrier sup- 
pression stability than ever before. All other time- 
proven features of previous models pias Col©: die 
rect reading in kc. and complete 10-meter coverage 
make the HT-32B the outstanding choice of experi- 
enced amateurs. 


FEATURES: Beam-defiection, high level sideband 
modulator for low-noise, high-stability signal, Halli- 
crafters’ exclusive 5.0 mc, quartz crystal filter with 
sideband rejection of 50 db. or more; C.T.O, direct 
reading in kilocycles to within 1 kc.; 10-meter cov- 
erage in four band-switched segments (calibration 
accuracy same as lower bands); 144 watts plate in- 
put (P.E.P. two-tone). Five band output (80, 40, 20, 
15, 10 meters). All modes of transmission—CW, 
AM, S.S.B. Unwanted sideband down 50 db. or 
more. Both sidebands transmitted on A.M. Preci- 
sion gear driven C.T.O. Exclusive Hallicrafters 
patented sideband selection. Logarithmic meter for 
accurately tuning and carrier level adjustment. Ideal 
CW keying and break-in operation, Push To Talk 
and full voice control system built in. Keying cir- 
cuit brought out for teletype keyer. 


HT-33B Linear Amplifier: Beau- 
tifully engineered with extra-heavy- 
duty components, the HT-33B is 
conservatively rated at the maximum legal limit. 
You are guaranteed one of the big signals on the 
band, plus the effortless performance that means so 
much to efficiency and long life. (Conforms to 
F.C.D.A. specifications.) 


FREQUENCY COVERAGE: Complete coverage of 
amateur bands; 80, 40, 20, 15, 10 meters, 


FEATURES: Rated conservatively at the maximum 
legal input. Third and fifth order distortion products 
down in excess of 30 db, Built-in r.f. output meter 
greatly simplifies tune-up. All important circuits 
metered, Maximum harmonic suppression obtained 
through pi-network. Variable output loading. Pro- 
tection of power supply assured by circuit breaker. 
HT-33B is a perfect match to Hallicrafters’ famous 
HT-32 in size, appearance and drive requirements, 
CIRCUIT DETAILS: This power amplifier utilizes a 
PL-172A high efficiency pentode operating in class 
AB1, The tube is grid-driven across a non-inductive 


and three big new features! 


FRONT PANEL CONTROLS, FUNCTIONS AND 
CONNECTIONS: Operation — power off, standby, 
Mox., Cal., Vox.—P.T.T. Audio level 0-10 R.F. level 
0-10. Final tuning 80, 40, 20, 15, 10 meters. Func- 
tion—Upper sideband, lower sideband, DSB, Cw. 
Meter compression. Calibration level 0-10. Driver 
tuning 0-5. Band selector—80, 40, 20, 15, 10 meters. 
High stability, gear driven V.F.O. Micro-phone Key, 
and Headphone monitor jacks. 


TUBES AND FUNCTIONS: 2-6146 Power output 
amplifier. 6CB6 Variable frequency oscillator. 
I2BY7 R.F. driver. 6AH6 2nd Mixer. 6AH6 3rd 
Mixer. 6AB4 Crystal oscillator. 12AX7 Voice con- 
trol. Audio Amp. 12AU7 Audio Amp. and Carrier 
oscillator. 7360 Modulator. 12AT7 Sideband select- 
ing oscillator. 6AH6 Ist Mixer. 6AH6 4,95 Mc. 
Amp. 6AU6 9.00 Amp. 5R4GY HV Rectifier. 5V4G 
LV Rectifier. OA2 Voltage Regulator. 


REAR CHASSIS: Co-ax antenna connector. FSK 
jack A.C. accessory outlet. Line fuse. Control con- 
nector ground stud AC power line cord. Cabinet 
20” wide, 1012” high, and 17” deep. Approximate 
shipping weight 86 lbs. (Conforms to F.C.D.A. spec- 
ifications.) 


Big signal— effortless performance! 


all possible conditions. Band switching is accom- 
plished by one knob which selects the proper in- 
ductance value for each band. The output circuit is 
a pi-network with an adjustable output capacitor, 
accommodating loads from 40 to 80 ohms, 2 panel 
meters are provided: one is circuit switched to meas- 
ure Grid current, screen current, plate voltage and 
R.F. output voltage. A second meter continuously 
monitors cathode current of the PL-172A. 


TUBES: (1) PL-172A high power pentode; (2) 3B28 
rectifiers; (6) OA2 screen regulators. 


FRONT PANEL CONTROLS: Meter selector; Fila- 
ment switch; High Voltage switch; Bias adjustment; 
Band switch; Plate tuning; Plate loading. 


PHYSICAL DATA: Gray and black steel cabinet 
(matches HT-32) with brushed chrome knob trim. 
Size: 834” x 19” (relay rack panel). Shipping wt. 
approx. 130 lbs. 


REAR CHASSIS: Co-ax input; co-ax ouput: filament 
and bias fuse; cutoff bias relay terminals; screen 
fuse; ground terminal, 


Hallicrafters brings you an entirely new class 


The engineering team that developed the incomparable SX-107 and HT-32 


now offers a precision rig that puts single sideband within reach of all 


HT-37 Transmitter 


The heart of the now-famous HT-32—the needed, 
basic performance charactertistics—is yours in 
this precision-engineered new AM/CW/SSB 
transmitter—and at a price we did not believe 
possible when we began designing it! Same pow- 
er. Same rugged VFO construction, and identical 
VOX. You'll be amazed at the smooth, distinc- 
tive speech quality that’s yours for the first time 
at moderate cost. 


FEATURES: 144 watts plate input (P.E.P. two- 
tone); five band output (80, 40, 20, 15, 10 me- 
ters); all modes of transmission—CW, AM, 
S.S.B.; unwanted sideband down 40 db. at 1KC; 
distortion products down 30 db. or more; carrier 
suppression down 50 db.; modern styling; instant 
CW Cal. from any mode; both sidebands trans- 
mitted on AM; precision V.F.O.; rugged heavy 
duty deluxe chassis; 52 ohm pi network output 
for harmonic suppression; dual range meter for 
accurate tuning and carrier level adjustment; 
ideal CW keying; full voice control system built 
in, 


FRONT PANEL CONTROLS, FUNCTIONS, CON- 


The new ideas in communications are born at... 


NECTIONS: Operation—(power off, standby, mox, 
cal, vox); Audio gain; R.F. level; Final tuning; 
Function—(upper sideband, lower sideband, DSB, 
CW): carrier balance; Calibration level; Driver 
tuning; Band selector V.F.O.; Microphone con- 
nector; Key jack. 


TUBES AND FUNCTIONS: (2)-6146 Power output 
amplifiers; 6CB6 Variable frequency oscillator; 
12BY7 R.F. driver; 6AH6 Ist Mixer; 6AH6 2nd 
Mixer; 6AB4 Crystal oscillator; 12AX7 Voice 
control; 12AT7 Voice control; 6AL5 Voice con- 
trol; 12AX7 Audio Amplifier; 12AT7 Audio amp 
and carrier Oscillator; 12AT7 Audio Modulator; 
(2)-12AT7 Balanced Modulators; SR4GY HV 
Rectifier; 5V4G LV Rectifier; OA2 Voltage Reg- 
ulator. 


REAR CHASSIS: Co-ax antenna connector; Line 
fuse; Control connector; AC power line cord. 


PHYSICAL DATA: Matching unit for SX-111; 
cabinet is gray steel with brushed chrome trim 
and knobs. Size: 9” high x 1914” wide x 1512” 
deep. Shipping weight: approximately 80 Ibs. 


of SSB equipment 


SX-111 Receiver 


Here’s the receiver you’ve been waiting for—a 
real thoroughbred that retains the essential per- 
formance characteristics of the renowned SX- 
101, but at a price that can put it in your shack 
tomorrow! Rugged . . . dependable . . . beauti- 
fully styled, the new SX-111 is outstanding evi- 
dence that Hallicrafters aim is always to bring 
you the finest equipment at the lowest possible 
price. 

FREQUENCY COVERAGE: Complete coverage of 
80, 40, 20, 15 and 10 meters in five separate 
bands. Sixth band is tunable to 10 Mc. for crystal 
calibrator calibration with WWV. 

FEATURES: AM/CW/SSB reception. Dual con- 
version, Hallicrafters’ exclusive selectable side- 
band operation. Crystal-controlled 2nd converter. 
Tee-notch filter. Calibrated S-meter. Electrical 
calibration adjustment. Series noise limiter. Built- 
in crystal calibrator. Exceptional electrical and 
mechanical stability. Large slide-rule dial. En- 
velope detector for AM and product detector 
for SSB/CW. 


SENSITIVITY: One microvolt on all bands, with 
5 steps of selectivity from 500 to 5,000 c.p.s. 


TUNING MECHANISM: New friction-and-gear 
type with 48:1 tuning ratio. Virtually eliminates 
backlash. 


CONTROLS: Tuning; CAL Reset; Antenna Trim- 
mer; T-notch Frequency; RF Gain; Audio Gain; 
Band Selector; Function (off/on, standby, upper 
or lower sideband, calibrate); AVC off/on; BFO 
off/on; ANL off/on; Selectivity. 
TUBES: 12 tubes plus voltage regulator and recti- 
fier. 6DC6 RF Amplifier; 6BY6 1st converter; 
6C4 Oscillator; 6BA6 2nd converter; 12AT7 
Dual crystal controlled 2nd conversion oscillator; 
6DC6 1650 kc. if. amplifier; 6DC6 i.f. amplifier 
(50 ke.); 6BJ7 AVC-noise limiter AM detector; 
12AX7 Ist audio and BFO; 6AQ5 Power output; 
6BY6 Product detector; 6AU6 Crystal calibra- 
tor; SY3 Rectifier; OA2 Voltage regulator. 


POWER SUPPLY: 105-125 volts, 50-60 cycle AC, 


PHYSICAL DATA: Size: 1834” wide x 1014” deep 
x 8%” high. Attractive gray steel cabinet with 


brushed chrome trim. Shipping wt. approximately 
40 Ibs. 7 


R-48 SPEAKER (See photo with HT-37 and 
SX-111). Latest design, eliptical assembly. 3.16 
oz. Alnico V magnet. Fidelity switch for music 
or voice, 3.2 ohm input impedance. 642” x 1314” 
x34", 


h hallicrafters 


The last word in features and 
design! 


SX-110 Receiver 


Never before have so many outstanding, wanted 
features been incorporated in an all-purpose re- 
ceiver—features developed originally for the 
highest-priced sets. 

FREQUENCY COVERAGE: Broadcast Band 540- 
1680 ke plus three short wave bands covers 1680 
kc—34 me. 

FEATURES: Slide rule bandspread dial calibrated 
for 80, 40, 20, 15 and 10 meter amateur bands 
and 11 meter citizens’ band. Separate bandspread 
tuning condenser, crystal filter, antenna trim- 
mer, “S” Meter, one r-f, two i-f stages. 
INTERMEDIATE FREQUENCY: 455 kc. 

TUNING ASSEMBLY AND DIAL DRIVE MECH- 
ANISM: Ganged, 3 section tuning capacitor as- 
sembly with electrical bandspread. Circular main 
tuning dial is calibrated in megacycles and has 
0-100 logging scale. 

AUDIO OUTPUT IMPEDANCE: 3.2 and 500 ohms. 
TUBE COMPLEMENT: Seven tubes plus one rec- 
tifier: 6SG7, r-f amplifier—6SA7, converter — 
6SG7, Ist i-f amplifier—6SK7, 2nd i-f amplifier— 
6SC7, BFO and audio amplifier—6K6GT, Audio 
output—6H6, ANL-AVC-detector—6Y3GT, rec- 
tifier. 

AUDIO POWER OUTPUT: 2 watts. 

POWER SUPPLY: 105/125 V., 50/60 cycle AC. 
PHYSICAL DATA: Gray. steel cabinet with 
brushed chrome trim. Size 1834” wide x 8” high 
x 1044” deep. Shipping weight approximately 
32 Ibs. 


S-108 Receiver 


Same basic performance as SX-110 (above) but 
eliminates S-Meter, antenna trimmer and crystal 
filter, This outstanding new receiver serves many 
needs, has a built-in speaker. 


The new ideas in communications are born 


NEW! 


S-120 Receiver 


The “look” of performance is written all over it! 


The clean, compact beauty of this new, precision- 
engineered receiver is more than skin deep! Newly 
designed throughout, the S-120 brings you superla- 
tive performance on three short wave bands plus 
standard broadcast, and a new three-way antenna 
system for maximum flexibility. The finest buy 
available in a low-cost receiver! 


FEATURES: Coverage of 540-1650 kc. plus short 
wave from 1650 kc. through 31 mce.; Electrical 
bandspread; slide-rule dial with imprinted guide to 
frequencies of foreign, gov’t., aviation, etc.; Three- 
way antenna system—built-in, high-gain ferrite loop 
for AM, 45” collapsible whip, plus terminals for 
long wire or doublet antenna, all bands; Front panel 


B.F.O./sensitivity control; built-in 5” speaker; front- 
panel headphone jack automatically disables speaker. 


FRONT PANEL CONTROLS: Main Tuning; Band- 
spread Tuning; Band Switch; Audio Vol. AC Off; 
B.F.O./Sensitivity. 


TUBES AND FUNCTIONS: 12BE6 converter; 12BA6 
I.F. amplifier/B.F.O.; 12AV6 1st audio, AVC and 
detector; SOCS5 power amplifier. Selenium rectifier. 
Thermistor heater regulator. Two dial lamps. 105- 
125V AC/DC at 30 watts. U/L listed. 


PHYSICAL DATA: Gray steel cabinet with bright 
chrome trim, black dial. Size: 13142” wide by 57%” 
high by 834” deep. Shipping wt.: 1134 Ibs. 


SX-100 Most versatile receiver of all! 


FREQUENCY COVERAGE: 540 kc.—34 Mc—Band 1: 
538 kc.-1580 kc.—Band 2: 1720 kc.-4.9 Mc—Band 3: 
4.6 Mc-13 Mc—Band 4: 12 Mc-34 Mc. Bandspread 
dial is calibrated for the 80, 40, 20, 15 and 10 meter 


amateur bands. Intermediate frequency: 1650 kc. 
and 51 ke. 


TYPE OF SIGNALS: AM—CW-SSB. 


FEATURES: Selectable side band operation. ‘“Tee- 
Notch” Filter. Notch depth control. Antenna trim- 
mer. 100 kc. crystal calibrator. Logging dials. Full 
precision gear drive. Second conversion oscillator 
crystal controlled — temperature compensation of 
high frequency oscillator. Phono jack. Socket for 
D.C. and remote control. 


CONTROLS: Pitch control, reception, stand-by, 
phone jack, response control (upper and lower side 
band selector), antenna trimmer, notch depth, cali- 
brator on/off, sensitivity, band selector, volume, 


° 


tuning, AVC on/off, noise limiter on/off, band- 
spread, selectivity. 

AUDIO OUTPUT IMPEDANCE: 3.2/500 ohms: 
AUDIO POWER OUTPUT: 1.5 watts with 10% 
or less distortion. POWER SUPPLY: 105/125 V., 
50/60 cycle AC. 

TUBE COMPLEMENT: 6CB6 R.F. amplifier; 6BY6, 
Ist convertor; 6AH6, H.F. oscillator; 6BA6, 2nd 
converter; 12AT7, Dual crystal second converters; 
(2) 6BA6, 50 kc. and 1650 kc. 1.f. amplifiers; 6BJ7, 
AVC-DET-ANL; 6SC7, Ist audio and BFO; 6K6, 
Power output; SY3, Rectifier; OA2, Voltage regu- 
lator; 6C4, i-f amplifier—(S51 kc.); 6AU6, 100 kc. 
XTAL marker. 

PHYSICAL DATA: Gray black steel cabinet with 
brushed chrome knob trim, patterned silver back 
plate and red pointers. Piano hinge top. Size 18%” 
wide x 8142” high x 10%” deep. Shipping weight 
approximately 42 lbs, (U.L. approved). 
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World's most popular 
short wave receiver! 


MODEL S-38E 


Latest model of Hallicrafters’ most popu- 
lar of all short wave receivers! Beautiful 
new, modern cabinet styling, improved 
circuitry for superior performance and 
utmost dependability. 


FREQUENCY COVERAGE: Standard 
broadcast from 540-1650 kc., plus three 
short wave bands from 1650 kc. through 
32 me. Intermediate freq.: 455 kc. 


FEATURES: Two-section tuning gang with 
electrical bandspread; easy-to-read, slide- 
rule overseas dial; oscillator for code re- 
ception; built-in 5” speaker, universal out- 
put for headset; rear switch for speaker 
or headset selection.(U.L. approved) 


CONTROLS: Tuning dial. Separate elec- 
trical bandspread dial with 0-100 scale. 
Receive/standby switch. On/off/volume. 
AM, CW switch. Band selector. 


POWER SUPPLY: | watt audio power out- 
put. 105/125 volts. 50-60 cycle AC/DC. 
Line=:cord>:- (S7.D:-1566)- *for= 220: volt 
AC/DC available. 


TUBE COMPLEMENT. Four tubes plus one 
rectifier: 35W4 rectifier; SOC5 audio out- 
put; 12AU6 amplifier; 12BA6 IF amplifier 
and B.F.O.; 12BE6 converter. 


AUDIO OUTPUT: Five inch PM speaker 
and universal output for headset. 


EXTERNAL CONNECTIONS: Phone tip 
jacks and terminals for single wire or 
doublet antenna, switch for speaker or 
headphones on rear. External antenna 
provided. 


PHYSICAL DATA: Available in gray steel 
cabinet with silver trim, or blond or ma- 
hogany finish with gold trim. Size 127%” 
wide x 7” high x 914” deep. Shipping 
weight approximately 14 Ibs, 


New beauty ...new standards of performance! 


MODEL S-107 


COVERAGE: Standard Broadcast from 540-1630 kc. 
plus four short wave bands over 2.5-31 and 48-54.5 
mc. Intermediate frequency; 455 kc. CONTROLS: 
Main tuning. Separate electrical bandspread with 
0-100 logging scale plus calibration for 48-54.5 mc 
band, receive/standby switch, band selector 540- 
1630 ke. 2.5-6.3 mc, 6.3-16 mc, 14-31 mc, and 48- 
54.5 mc, AM/CW switch, sensitivity/ext. phono 
input/a.f. output switch (for use with external 
audio system), noise limiter switch, on/off/volume, 
two-position tone switch. BAND CHANGE 
MECHANISM: Five position rotary wafer switch. 
TUNING ASSEMBLY AND DIAL DRIVE 
MECHANISM: Separate 2-section tuning capacita- 
tor assemblies for main tuning and band spread 
tuning. Slide rule dial. Phonograph jack, headphone 
tip jacks. Bandspread tuning calibrated for 48-54.5 
mc. ANTENNA INPUT IMPEDANCE: Balanced/ 
unbalanced. 50-300 ohms. HEADPHONE OUT- 
PUT IMPEDANCE: Universal impedance. AU- 
DIO OUTPUT: Five inch PM speaker and universal 


impedance output for headset. TUBE COMPLE- 
MENT: Seven tubes plus one rectifier; 6C4, Osc.— 
6BA6, Mixer—(2) 6BA6, i-f amplifier—6H6, Det. 
AVC and ANL—6SC7, BFO and AF amp.—6AQ%5, 
Output—SY3GT, rectifier. EXTERNAL CONNEC- 
TIONS: headphone jack and terminals for doublet 
or single wire antenna on rear. AUDIO POWER 
OUTPUT: One watt. POWER SUPPLY: 105/125 
V., 50-60 cycle. AC. PHYSICAL DATA: Sturdy 
gray hammertone steel cabinet with brushed chrome 
trim. Size 13%8” wide x 7” high x 8%” deep. Ship- 
ping weight approximately 18'% lbs. (U.L. approved) 
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TONE MODULATOR — The No. 90751 Tone Modulator is a smoll 
package containing a transistor audio oscillator and its mercury battery, 
which plugs into the phone jack of a Grid Dip Meter to modulate 
the signal at approximately 800 cycles for applications requiring o 
modulated signal. Dimensions: only 23/4 x 1546 x 1% in. 


No. 90751, less battery ......... ss Sanotacnocereeats Pe eee Se 


AUDIO CLIPPER —— The No. 75016 Audio Clipper is a small 
plug-in symmetrical type clipper with self-contained mercury batteries, 
It may be used to clip noise for C-W reception as well as for A-M 
or SSB, or it may be used to clip a sine wave input to form a square 
wave output. Dimensions: only 23/4, x 146 x 16 in. 


No. 75016, less batteries ...........000.06 saa sited uleaca side steaamrcdnatten oaenceevartecotee 


ANTENNA BRIDGE —— The Millen 90672 Antenna Bridge is an 
accurate and sensitive bridge for measuring impedances in the range 
of 5 to 500 ohms (or 20 to 2000 ohms with balun) at radio frequencies 
up to 140 mc. The variable element is an especially designed differen- 
tial variable capacitor capable of high accuracy and permanency of 
calibration. Readily driven by No. 90651 Grid Dipper. 
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BALUNS -—— The No. 46672 (1 for each amateur band) wound 
Balun is an accurate 2 to 1 turns ratio, high Q auto transformer with 
the residual reactances tuned out and with very tight coupling between 
the two halves of the total winding. The points of series and parallel 
resonance are selected so that each Balun provides an accurate 4 to 1 
impedance ratio over the entire band of frequencies for which it was 
designed. Suitable for use with the No. 90672 Antenna Bridge or 
medium power transmitters. 
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MILLEN NO. 90651 
GRID DIP METER 


The No. 90651 MILLEN GRID DIP METER is compact and 
completely self contained. The AC power supply is of 
the ‘‘transformer’’ type. The drum dial has seven cali- 
brated uniform length scales from 1.7 MC to 300 MC with 
generous over laps plus an arbitrary scale for use with 
special application inductors. Internal terminal strip pert- 
mits battery operation for antenna measurement, 


No. 90651, with tube...... ...... eee weeeuacdace Ee lapee eee ae 


Additional Inductors for Lower Frequencies 
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HIGH VOLTAGE POWER SUPPLY —— The No. 90281 high 
voltage power supply has a d.c. output of 700 volts, with maximum 
current of 235 ma. In addition, a.c. filament power of 6.3 volts at 
4 amperes is also available so that this power supply is an ideal unit 
for use with transmitters, such as the Millen No. 90801, as well as 
general laboratory purposes. The power supply uses two No. 816 
rectifiers. The panel is standard 834” x 19” rack mounting. 


No. 90281, less tubes ............. sudeccssonsdcceedtssctes sdesceqagcubgrect® aecbee SaeeeeReeeeanae 


REGULATED POWER SUPPLY — A compact, uncased, regu- 
lated power supply, either for table use in the laboratory or for 
incorporation as an integral part of larger equipment. 250 v.d.c. 
unregulated at 115 ma. 105 v.d.c. regulated at 35 ma. Minus 105 
v.d.c. regulated bias at 4 ma. 6.3 v. a.c. at 4.2 amps. 
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HIGH FREQUENCY REF AMPLIFIER <= A physically small unit 
capable of a power output of 70 to 85 watts on Phone or 87 to 110 
watts on C-W on 20, 15, 10, 6 or 2 meter amateur bands. Pro- 
vision is made for quick band shift by means of the No. 48000 series 
VHF plug-in coils. The No. 90811 unit uses either on 829-B or 3E29. 


No. 90811 with 10 meter band coils, less tube .................00 Sa etc 


PHASE-SHIFT NETWORK —A complete and laboratory aligned 
pair of phase-shift networks in a single compact 2” x 176” x 4” 
case with characteristics so as to provide a phase shift between the 
two networks of 90° +1.3° over a frequency range of 225 cycles to 
2750 cycles. Well adapted for use in either single sideband transmitter 
or receiver. Possible to obtain a 40 db suppression of the unwanted 
sideband. The No. 75012 precision adjusted phase-shift network elimi- 
nates necessity of complicated lab equipment for network adjustment. 
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The No. 90923 oscilloscope is an extremely compact (31/2 
inches high) rack panel general purpose oscilloscope 
utilizing the type 3XP — 3 x 11% inch rectangular face 
tube. The No. 90923 is complete with vertical and hori- 
zontal amplifiers for balanced deflection and o very linear 
sweep generator. 


Miniature input terminals are on both the front panel and 
the rear fer vertical amplifier input, horizontal amplifier 
input and synchronizing input. The linear sweep generator 
cavers two cycles per second to 30 kcs. per second in seven 
overlapping ranges. The trace is unusually sharp and 
bright due to 2040 volts accelerating potential. 


The No. 90923 is ideally suited for many applications, 
and in particular, for production test. Its small panel uses 
up very little space in a test rack and the mu-metal shield 
araund the cathode ray tube shields it against magnetic 
fields so that the oscilloscope may be used accurately in 
locations with strong stray magnetic fields. The cathode 
ray tube is of the mono-accelerator type in which the 
electron beam is accelerated at the electron gun so that 
field distortions are minimized and excellent deflection 
linearity is achieved as well as a very uniform spot size 
ever the entire area which the beam scans. 


MILLEN ONE INCH MODULE OSCILLOSCOPES — Minia- 
turized, packaged panel mounting cathode ray oscilloscope designed 
for use in instrumentation in place of the conventional ‘pointer type’ 
moving coil meters uses the 1” tube. Panel bezel matches in size and 
type the standard 2” square meters. Magnitude, phase displacement, 
wave shape, etc. are constantly visible on scope. 


No. 90901, 1CP1I, less tube ............ No. 90911, 1EPI, less tube ............ 
FLAT FACE OSCILLOSCOPE —— 90905-B 5-inch Rack Mounting 


Basic Oscilloscope features include: balanced deflection, front panel 
input terminals, rear panel input terminals, astigmatism control, blank- 
ing input terminals, flat face precision tolerance Dumont 5ADP1 tube, 


BASIC OSCILLOSCOPES — The No. 90902, No. 90903 and 
No. 90905 Rack Panel Oscilloscopes, for two, three and five inch 
tubes, respectively, are inexpensive basic units comprising power sup- 
ply, brilliancy and centering controls, safety features, magnetic shield- 
ing, switches, etc. As a transmitter monitor, no additional equipment 
or accessories are required. By the addition of such units aos sweeps, 
pulse generators, amplifiers, servo sweeps, etc., all of which can be 
constructed on companion rack panels, the ‘scope unit may be 
expanded to serve any conceivable industrial or laboratory application. 


*SCOPE AMPLIFIER — SWEEP UNIT — Vertical and horizon- 
tal amplifiers along with hardtube, saw tooth sweep generator. Com- 
plete with power supply mounted on a standard 514” rack panel. 

PIO Pee EWA UD ES anc ctccscsnaitiiceeseccressuescsnsdccee:cospecsdo.essensressasderasyseceosse 


POWER SUPPLY FOR OSCILLOSCOPE — 750 volts d.c. at 3 
ma. and 6.3 volts a.c. at 600 ma. 117 volts 50-60 cycle input. 
Designed especially for use with No. 90901 and No. 90911 one inch 
instrumentation oscilloscopes. 45/ in. high x 17/g x 2Vg. Octal plug 
for input and output. Entire assembly including rectifier is encapsulated. 
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MILLEN NO. 90923 RACK 
MOUNTED OSCILLOSCOPE 


BEZELS FOR CATHODE RAY TUBES — Standard types are 
of satin finish black plastic. 5” size has neoprene support cushion 
and green lucite filter. 3” and 2” sizes have integral cushioning. 


No. 80075 (5”) ...... BOOZSAS aie: 800724(27) 800713. (Ele 
WORM DRIVE UNIT — Cast aluminum frame may be panel 


or base mounted. Spring loaded split gears to minimize back lash. 
Standard ratio 16/1. Also in 48/1 on request. 


Nos1,0000;-——astatesratio))isns arse -ner. , re ccc Sein hks tiendant cs en 
RIGHT ANGLE DRIVE — Extremely compact, with provisions 


for many methods of mounting. Ideal for operating potentiometers, 
switches, etc., that must be located, for short leads, in remote parts 
OPMCHASS IS INO ee LOOMED ctesters casero ore ey a aece sanded auc semis taunt nee alane saicelneaae Be eens 


AMATEUR BAND MONITOR OSCILLOSCOPE 


@ A-M or SSB @ 3.5 to 54 Mc. 
@ Blanks out on Standby 
@ Individual coil for each band 


SCOPE — No. 90932 is a complete 
oscilloscope for monitoring the modu- 
lated r-f output of ao transmitter. Built- 
in link-coupled tuned circuits cover all 
amateur bands 3.5 to 54 mc. All circuits 
and accessories are built-in. The moni- 
tor will display the r-f envelope and/or 
the trapezoidal monitoring pattern of 
single side band transmitters or ampli- 
tude modulated transmitters. It shows 
the linearity or non-linearity of Class-B 
r-f amplifiers, the parasitic oscilla- 


tion, neutralization, and r-f output. 2'* round tube 


Reet 


TUBE SOCKETS DESIGNED FOR APPLICATION — MODERN 
SOCKETS for MODERN TUBES! Long Flashover path to chassis per- 
mits use with transmitting tubes, 866 rectifiers, etc. Long leakage 
path between contacts. Contacts are type proven by hundreds of 
millions already in government, commercial and broadcast service, 
to be extremely dependable. Sockets may be mounted either with 
or without metal flange, Mounts in standard size chassis hole. All 
fypes have barrier between contacts and chassis. All but octal and 
crystal sockets also have barriers between individual contacts in 
addition. 


Voltage regulator dual contact bayonet socket, 33991 black phenolic 
insulation and 33992 with low loss mica filled phenolic insulation, 


FLEXIBLE COUPLINGS — The No. 39000 series of Millen ‘‘De- 
signed for Application’’ flexible coupling units include, in addition to 
improved versions of the conventional types, also such exclusive orig- 
inal designs as the No. 39001 insulated universal joint and the No. 
39006 ‘'slide-action’’ coupling (in both steatite and bakelite insulation). 
The No. 39006 ‘'slide-action’’ coupling permits longitudinal shaft 
motion, eccentric shaft motion and out-of-line operation, as well as 
angular drive without backlash. 

The No. 39005 and 39005-B (high torque) are similar to the No. 39001, 
but are not insulated. The steatite insulated No. 39001 has a special 
anti-backlash pivot and socket grip feature. All of the above illus- 
trated units are for 4” shaft and are standard production type units. 
The No. 39016 incorporates features which have long been desired 
in a flexible coupling. No Backlash — Higher Flexibility — Higher 
Breakdown Voltage — Smaller Diameter — Shorter Length — Higher 
Alignment Accuracy — Higher Resistance to Mechanical Shock — Solid 
Insulating Barrier Diaphragm — Molded as a Single Unit. 


CERAMIC PLATE OR GRID CAPS — Soldering lug and con- 
tact one-piece. Lug ears annealed and solder dipped to facilitate each 
combination ‘*mechanical plus soldered’’ connection of cable. 


No. 36001—%¢” ........ No. 36002—39” ........ No. 36004—14,” ...... 
SAFETY TERMINAL — Combination high voltage terminal and 


thru-bushing Tapered contact pin fits firmly into conical socket provid- 
ing large area, low resistance connection. Pin is swivel mounted in 
cap to prevent twisting of lead wire. 
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MILLEN TUBE SOCKETS 


No. Description No. Description 


33002—Crystal Socket 34” x .125” .... 33004—4 Pin Tube Socket 
33102—Crystal Socket .487” x .095”... 33005—5 Pin Tube Socket 


33202—Crystal Socket 2” x .125”...........005 33006—6 Pin Tube Socket 
33302—Crystal Socket .487” x .050”........... 33008—8 Pin Tube Socket 
33407—Miniature Socket only, ceramic........ 33991—Socket for 991..... 


33409—Noval Socket only, ceramic......... . 33992—Socket for 991..... 
33307—Miniature Socket, Shield, ceramic... 33207—829 Socket........... 
33309—Noval Socket, Shield, ceramic.......... 33305—Acorn Socket....... 
33405—5 Pin Socket Eimac........ pete he eo ces 


STEATITE TERMINAL STRIPS —— Terminal and lug are one 
piece. Lugs ore turret type and are free floating so as not to strain L4 
ceramic on wide temperature variations. Easy to mount with series 
of round holes. 1400 volt and 3500 volt series. 


POSTS, PLATES, AND PLUGS — The No. 37200 series, in- 
cluding both insulated and non-insulated binding posts with associated 
plates and plugs, provide various combinations to meet most require- 
ments. The posts have captive heads and keyed mounting. 

The No. 37291 and No. 37223 are standard in black or red with other 
colors on special order. No. 37201, No. 37202, and No. 37204 and 
No. 37222 are available in black, red, or low loss. The No. 37202 is 
also available in steatite. 


No. Description No. Description 

37201—Single plates, pr.......... inetad72l2—Dualaplug: ese See 
37291—Single plates (tapered), pr.37222—Non-insulated binding pos? 
37202—Dual plates, pr.................. 37223—Insulated binding posts....... 


37204—Double dual plates, pr...... 


DIAL LOCK — Compact, easy to mount, positive in action, does 
not alter dial setting in operation! Rotation of knob ‘'A'’ depresses 
finger *‘B'' and ‘'C’' without imparting any rotary motion to Dial. 
Single hole mounted. 


INO-31 00 50)n sr aiciie cnt en ceeeere essechi dnb ee tp Wane gia seen wt ase sSphe neat SE 


TUBE CLAMP — No. 33087 is easy to use, easy to install, effec- 
tive in function. Available in special sizes for all types of tubes. Single 
hole mounting. Spring steel, cadmium plated. 


Ss 


PANEL DIALS — The No. 10035 illuminated panel dial has 12 
to 1 ratio; size, 8/2” x 6/2”. Small No. 10039 has 8 to | ratio; size, 
4” x 3%”. Both are of compact mechanical design, easy to mount 
and have totally self-contained mechanism, thus eliminating back of 
panel interference. Provision for mounting and marking auxiliary 
controls, such as switches, potentiometers, etc., provided on the No. 
10035. Standard finish, either size, flat black art metal. 

SHAFT LOCKS — In addition to the original No. 10060 and No. 
10061 ‘‘DESIGNED FOR APPLICATION" shaft locks, we can also 
furnish such variations as the No. 10062 and No. 10063 for easy 
thumb operation as illustrated above, The No. 10061 instantly con- 
verts any plain ‘'i/ shaft'’ volume control, condenser, etc. from 

to ‘‘shaft locked'' type. Easy to mount 


12000 and 16000 SERIES TRANSMITTING CONDENSERS 


— Rigid heavy channeled aluminum end plates. Isolantite insulation, 
polished or plain edges. One piece rotor contact spring and connec- 
tion lug. Compact, easy to mount with connector lugs in convenient 
locations. Same plate sizes as 11000 series above. 

The 16000 series has same plate sizes as 04000 series. Also has 
constant impedance, heavy current, multiple finger rotor contactor 
of new design. Both 12000 and 16000 series available in single 
and double sections and many capacities and plate spacing. 


28000-29000 SERIES VARIABLE AIR CAPACITORS — 
‘'Designed for Application,'' double bearings, steatite end plates, 
cadmium or silver plated brass plates. Single or double section 
,022” or .066” air gap. End plate size: '%6” x Ae”. Rotor plate 
radius: 34%. Shaft lock, rear shaft extension, special mounting 
brackets, etc., to meet your requirements. The 28000 series has 
semi-circular rotor plate shape. The 29000 series has approximately 
straight frequency line rotor plate shape. Prices quoted on request. 
Many stock sizes. 


NEUTRALIZING, CAPACITOR — Designed originally for use 
in our own No. 90881 Power Amplifier, the No. 15011 disc neutral- 
izing capacitor has such unique features as rigid channel frame, 
horizontal or vertical mounting, fine thread over-size lead screw 
with stop to prevent shorting and rotor lock. Heavy rounded-edged 
polished aluminum plates are 2” diameter. Glazed steatite insulation. 


MCP LOO) Tali cae tase cee eerie ernest Set eaee LMR ov astan Cow Unt ag cule JouaysastnvayncsesoasvCupesetnbeaneosanee 


DIALS AND KNOBS = Justa few. of the many stock types of 
small dials and knobs are illustrated herewith. 10007 is 15/4” diam- 
eter, 10009 is 234” and 10008 is 31/2”. 


HIGH VOLTAGE INSULATED SHAFT EXTENSION — 
No. 10061 shaft locks and the No. 39023 insulated high voltage 
potentiometer extension mountings are available as a single integrated 
unit — the No. 39024. The proper shaft length is independent of 
the panel thickness. The standard shaft has provision for screw driver 
adjustment. Special shaft atrangements are available for industrial 
Opplications. Extension shaft and insulated coupling are molded as a 
single unit to provide accuracy of alignment and ease of installation. 


No. 39023, non locking type .......... No. 39024, LOCkKINg tyPE «.-secsoes 


04000 and 11000 SERIES TRANSMITTING CONDENSERS 


w= Another member of the ‘‘Designed for Application’ series of trans- 
mitting variable air capacitors is the 04000 series with peak voltage 
ratings of 3000, 6000, and 9000 volts. Right angle drive, 1-1] 
ratio. Adjustable drive shaft angle for either vertical or sloping 
panels. Sturdy construction, thick, round-edged, polished aluminum 
plates with 134” radius. Constant impedance, heavy current, multiple 
finger rotor contactor of new design. Available in all normal 
capacities. 

ie 11000 series has 16/1 ratio center drive and fixed angle drive 
shaft. 


PERMEABILITY TUNED CERAMIC FORMS — In addition to 
the popular shielded plug-in permeability tuned forms, 74000 series, 
the 69040 series of ceramic permeability tuned unshielded forms 
are available as standard stock items. Winding diameters available 
from %6” to V2” and winding space from 'y2” to 142”. 


No. 69041—(Copper Slug)......... No. 69052—(lron Core)..ccccceeecseneess 
No. 69042—(lron Core).......-0..05 No. 69054—(lron Core).......:.::secceees 
No. 69043—(Copper Slug)......... No. 69055—(Copper Slug)........c00.0 
No, 69044—(lron Core)............. No. 69056—(Iron Core).......ccccceseee 
No, 69045—(Copper Slug)......... No. 69057—(Copper Slug).........005 
No. 69046—(lron Core)..........., No. 69058—(lron Core)........:cceceen 
No. 69047—(Copper Slug)......... No. 69061—(Copper Slug)...........00. 


No. 69048—(lron Core).......0:6. NO. 69062——(lron Core)...seereeseeeees 
No. 69051—(Copper Slug)......... 


TRANSMITTING TANK COILS — A full line — all popular 


wattages for all bands. Send for special catalog sheet. 
Nos. 42000, 43000, 44000, 48000................. Des a tae Mae Py Pennetta, a 


TUNABLE COIL FORM — Standard octal base of low loss mlca- 
filled bakelite, polystyrene 1/2” diameter coil form, heavy aluminum 
shield, iron tuning slug of high frequency type, suitable for use up to 
35 mc. Adjusting screw protrudes through center hole of standard 
octal socket. 


No. 74001, with iron core...........c bea eee nrie Aranda ohne gat t mm ue Pies 
No. 74002, leSS. if ON CORCice cmp ees reese one ite eRe Lee, Se OE sticteees 


RF CHOKES — Many have copied, few have equalled, and none 
have surpassed the genuine original design Millen Designed for Appli- 
cation series of midget RF Chokes. The more popular styles now in 
constant production are illustrated herewith. Special styles and varia- 
tions to meet unusual requirements quickly furnished, 


No. 34100 — 2.5 mh., 250 ma...... No, 34105 1.0 mh., 300 ma...... 
No, 34101 — 2.5 mh,, 250 ma...... No, 34106 .Q mh., 300 ma...... 
No. 34102 — 2.5 mh., 250 ma...... No, 34107 .0 mh., 300 ma....., 
No, 34103 — 2.5 mh,, 250 ma...... No. 34108 .O mh,, 300 ma....., 
No, 34104 — 2.5 mh,, 250 ma...... No. 34109 Q mh., 300 ma....., 


Bee oe 


MILLEN COIL FORMS =—= Made of low loss mica filled brown 
bakelite. Guide funnel makes for easy threading of leads through pins. 


freee ee ee eC ee 
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MACHINED FROM SOLID BARS OF EXTRUDED BRASS 


Modern demands for miniature precision, high Q variable 
air dielectric capacitors with high reliability require that 
all of the stator plates be machined from a solid block of 
brass and that all of the rotor plates be machined from a 
solid block of brass. Staked, soldered, or washer-spaced 
types of construction are adequate for larger capacitors 
with wider air gaps but are entirely inadequate for minia- 
ture high reliability capacitors for use at high frequencies, 
The stator terminal is an integral part of the stator. This 
results from extruding the exact shape required. The rotor 
shaft is an integral part of the rotor, thus alignment of 
shaft with rotor is perfect and there ore no pins or 
press fits. 


Special capacitors which can be manufactured using all 
or part of the tooling for standard capacitors are designed 
and manufactured to order. 


SPECIAL RF CHOKES — Figures | and 4 illustrate special types 
of RF chokes available on order, The popular 34300 and 34200 series 
are shown in figures 2 and 3 respectively, 


OCTAL BASE AND SHIELD — low loss phenolice base with 
ectal socket plug and aluminum shield can 176 x 17%/ x 31%e. 


No. 74400....... {ibaecerenai RoR on tines Roe say dr neow sanity craalnleeastencahOte enesnat nn te iit ares 
MINIATURE POWDERED IRON CORE RF INDUCTANCES — 


The No. J300 — Miniature powdered iron core inductances, 0.107 in 
dia. x % in. long. Inductances from 3.3 microhenries to 2.5 milli- 
henries +5%. EIA standard values plus 25, 50, 150, 250, 350, 500, 
and 2500 microhenries. Three layer solenoids from 39 to 350 micros 
henries. 1% in. wide single pi from 360 to 2500 microhenries. Special 
coils on order, 


PHENOLIC FORM RF INDUCTANCES — The No. 34300 In- 
ductances — Phenolic coil form with axial leads. Inductances from 
0.15 microhenry to 2.5 millihenries +5%. EIA standard values plus 
25, 50, 150, 250, 350, 500, and 2500 microhenries. Solenoids from 0.15 
to 16 microhenries, Single pi from 18 to 300 microhenries. Multiple 
pi for higher inductances, Forms 72” dia, x Vg in. long, He” x 34”, 
Vg" x 3/4”, and V4" x 1”, Special coils on order. 


MINIATURE IF TRANSFORMERS — Extremely high Q — 
approximately 200 — Variable Coupling — (under, critical, and over) 
with all adjustments on top, Small size 1Yye” x 1%6” x 1%” Molded 
terminal base. Air capacitor tuned. Coils completely enclosed in cup 
cores. Tapped primary and secondary, Rugged construction, High 
electrical stability, 


No, 61455, 455 ke, Universal Trans......... ssinuigale sabe tn CARDURA ECHR RR OCA ante a 

No, 61453, 455 ke. BFO............ «Tekin bobinng Gast oe Gonedden ns CocemtWenes ont ieee nee Net taaeatEm 
No, 61160, 1600 ke, Universal Trams.c.cs..jshcesscccccssesoceccupeceereeonneenneneeaeem 
Noi-61163):. 1600 ket BROn n.cciccccsacessssccesaoscsestecyssenpcbetapseenetenthtteniaana manne” 


MINIATURIZED COMPONENTS 


DESIGNED for APPLICATION miniaturized components 
developed for use in our own equipment such as the 90901 Oscillo- 
scope, are now available for separate sale. Many of these parts 
are similar, in most details ‘except size, to their equivalents in our 
standard component parts group. In certain devices where com- 
plete miniaturization is not paramount, a combination of standard 
and miniature components may possibly be used to advantage. 
Tor convenience, we have also listed on this page the extremely 
small sized coil forms from our standard catalog. 
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CODE DESCRIPTION 
A001 Bar knob for Ye"’ shaft. ¥2’’ high by %’’ long. 


A006 Fluted black plastic knob with brass insert for Ye’’ shaft. 
Vo'' high by %4’’ diameter. 

A007 =Y%"" black plastic dial knob with brass insert for Ya’’ shaft. 
54'/ diameter dial. %/6’’ high. 

A008 %4"" black plastic knob. Same as no. AOO7 except for style. 

AQ12 Right angle drive for Ye’’ shafts. Single hole mounting. 

A014. 1’ bar dial for Ye’ shaft. Y2’’ high. 180° or 280° dials for 
clockwise or counter-clockwise rotation. 

AOQ15 1“ fluted knob dial for Ye’’ shaft. ¥2’’ high. Same dial plates 
as no. AO14, 

AO1Z.~—'1¥4'‘ diameter fluted black plastic knob for Ye’ shaft. 

AQ18 Knob, same as no. AOO7 except with %'’ diameter skirt. 

AO19 ~=Knob, same as no. A007, but without dial. 

A021 Miniature metal index for miniature dials. 

A050 = Miniature dial lock. 

AQ61 Shaft lock for Ye’’ diameter shaft. '4’’-32 bushing. Nickel 
plated brass. 

A062 = Shaft lock with knurled locking nut. 

A066 Shaft bearing for Ye’’ diameter shafts. Nickel plated brass. 


Fits '744/’ diameter hole. 


CODE 
E001 


E201 
E202 
E212 
E222 
E302A 


DESCRIPTION 

Steatite ceramic standoff or tle-point. Integral mounting 
eyelet. 0.205’ overall diameter, 

Black or red plastic binding post plates for No, E222, 

Black or red plastic plates for two binding posts spaced Y2"", 
Black or red plastic plug for two binding posts spaced Y2'’, 
Metal binding post with jack top, 

to E306A Steatite ceramic terminal strips. Ve’’ wide. Ter- 


minals spaced %’’ on centers. Screw type or solder type 
thru-terminals. 


J300-3.3 to J300-2500 Complete line of miniature inductances 


M001 


M003 
M004 


M005 
M006 
M008 
M017 
M023 


M024 
69043 


69044 


3.3 to 2500 microhenries. ¥%’’ long. Diameter 0,115’ to 
0.297% 

Insulated universal joint style flexible coupling for Ye’’ dia. 
shafts. 

Solid coupling for V¥e’' dia, shafts, Nickel plated brass. 
Universal joint style flexible coupling for %‘’ diameter shafts, 
Inverted hubs for short length. Not insulated, 

Universal joint style flexible coupling for Ya’ diameter shafts, 
External hub for maximum flexibility. Not insulated, 

Universal joint style flexible coupling for Ye’’ diameter shafts, 
Spring finger. Steatite ceramic insulation, 

Plastic insulated coupling with nickel plated brass inserts for 
Ya'' diameter shafts, 

Plastic insulated flexible coupling for Ye’’ diameter shafts, 
\749'‘ long by '%6'’ diameter. Bronze yoke, 

Insulated shaft extension for 4/’-32 bushing and Ye"’ shaft, 
For mounting sub-miniature potentiometer, 

Locking insulated shaft extension similar to no, M023, 
Steatite ceramic coil form. Adjustable core, Winding space 
V4'’ diameter by '34’’ long. Mounting 4-40 hole. 

Steatite ceramic coil form. Adjustable core. Winding space 
0.187/’ diameter by 3/6’ long. No, 10-32 mounting, 


Pick your 
features and 
power from 
the popular 


TRANSMITTER 
LINE 


"ADVENTURER" TRANSMITTER 

Self-contained ... 50 watts CW input... rugged 807 trans- 
mitting tube . . . instant bandswitching 80 through 10 
meters. Crystal or external VFO control—wide range 
pi-network output—timed sequence keying. With tubes, 
less crystals. 

Caleta «240-18 1s 1c Kitson aot oe Amateur Net $54.95 


“CHALLENGER’’ TRANSMITTER 

70 watts phone input 80 through 6; 120 watts CW input 
80 through 10... 85 watts CW on 6 meters. Two 6DQ6A 
final amplifier tubes. Crystal or external VFO control— 
TVI suppressed—wide range pi-network output. With 
tubes, less crystals. 

Gat: No, 240-182-171). (Kit. co. cae see Amateur Net $114.75 
Cat. No. 240-182-2..Wired.............. Amateur Net $154.75 


“NAVIGATOR” TRANSMITTER/EXCITER 

40 watts CW input . also serves as a flexible VFO 
Exciter. 6146 final amplifier tube—bandswitching 160 
through 10 meters. Built-in VFO or crystal control. With 
tubes, less crystals. 

Catz No = 240-126-115. Kits oeic. cc es ee Amateur Net $149.50 
Cat. No. 240-126-2..Wired.............. Amateur Net $199.50 


“ADVENTURER” 


"6N2” 10-METER 


"CHALLENGER”’ 


“NAVIGATOR” 


“MESSENGER” 


“6N2" TRANSMITTER 


Rated 150 watts CW and 100 watts phone—offers instant 
bandswitching coverage of both 6 and 2 meters. Fully TVI 
suppressed—may be used with the Viking I, IT, “‘Ranger’’, 
“Valiant” or similar power supply/modulator combina- 
tions. Operates by crystal control or external VFO with 
8-9 mc. output. With tubes, less crystals. 


GatNo: 240-201 iy Ritsu aes eee Amateur Net $129.50 
Cat. No. 240-201=2 Wired 5.04 2 eo Amateur Net $169.50 


10-METER ‘'MESSENGER”’ TRANSCEIVER 


Complete 10-tube (including rectifier) crystal-controlled 
transceiver. 10 watts input—pre-tuned for 29.4 to 29.7 mcs 
—covers any 5 frequencies within a 300 kc segment of 
10-meter band. Excellent receiver sensitivity and selec- 
tivity. ANL, AVC, and positive-acting Squelch. With 
tubes, push-to-talk microphone, and crystals for national 
calling and emergency frequency (29,640 kc). 


Cat; No. 242-201, 115° Vtonly.c.. 102s .5- Amateur Net $129.75 
Cat. No. 242-202..115 Vand é6V........Amateur Net $139.75 
Cat. No. 242-203..115 Vand 12 V.......Amateur Net $139.75 


"RANGER" TRANSMITTER /EXCITER 


This popular 75 watt CW or 65 watt 
phone transmitter will also serve as 
an RF/audio exciter for high power 
equipment. Completely self-con- 
tained—instant bandswitching 160 
through 10 meters! Operates by 
built-in VFO orcrystal control. High 
gain audio—timed sequence keying 
TVI suppressed. Pi-network antenna 
load matching from 50 to 500 ohms. 
With tubes, less crystals. 


Cat. No. Amateur Nef 


ZAON6 1A TeKitn Gres oes $229.50 
240-161-2.. Wired and tested. . .$329.50 


“VALIANT” TRANSMITTER 


275 watts input CW and SSB (P.E.P. 
with auxiliary SSB exciter) 200 watts 
phone. Instant bandswitching 160 
through 10 meters—built-in VFO or 
crystal control. Pi-network output 
matches antenna loads from 50 to 
600 ohms. TVI suppressed—timed 
sequence keying—built-in low pass 
audio filter—self-contained power 
supplies. With tubes, less crystals. 
Cat. No. Amateur Net 


240- 104-1 Kit ser eee onan $349.50 
240-104-2.. Wired and tested. . .$439.50 


“FIVE HUNDRED” TRANSMITTER 


Full 600 watts CW—500 watts phone 
and SSB. (P.E.P. with auxiliary SSB 
exciter.) Compact RF unit designed 
for desk-top operation.: All exciter 
stages ganged to VFO tuning—may 
also be operated by crystal control. 
Instant bandswitching 80 through 10 
meters—TVI suppressed—high gain 
push-to-talk audio system. Wide 
range pi-network output. With tubes, 
less crystals. 

Cat. No. Amateur Net 


240-500-1 euRitn ooce ociacs treet $749.50 
240-500-2.. Wired and tested. . .$949.50 


“COURIER” AMPLIFIER 


Rated a solid 500 watts P.E.P. input 
with auxiliary SSB exciter as a Class 
B linear amplifier; 500 watts CW or 
200 watts AM linear. Self-contained 
desk-top package—continuous coy- 
erage 3.5 to 30 mcs. Drive require- 
ments: 5 to 35 watts depending on 
mode and frequency desired. TVI 
suppressed. With tubes and built-in 
power supply. 

Cat. No. Amateur Net 


240-352-2.. Wired and tested. . .$289.50 


“THUNDERBOLT” AMPLIFIER 


The hottest linear amplifier on the 
market—2000 watts P.E.P. (twice 
average DC) input SSB; 1000 watts 
CW; 800 watts AM linear. Continu- 
ous coverage 3.5 to 30 mcs.—instant 
bandswitching. Drive requirements; 
approx. 10 watts Class AB» linear, 
20 watts Class C continuous wave. 
With tubes and built-in power supply. 
Cat. No. Amateur Net 


D40s3 53a Kite secs aie onto $524.50 
240-353-2.. Wired and tested. ..$589.50 


The world at your fingertips! 


VIKING "KILOWATT’ AMPLIFIER 


The only transmitter that provides maximum legal power in all 
modes—SSB, CW, and plate modulated AM. Two 4-400A tubes 
in Class ABg easily deliver 2000 watts P.E.P. (twice average DC) 
in SSB mode—1000 watts input AM with two push-pull 810 tubes 
in Class B modulator service—1000 watts input Class C CW. 
High efficiency pi-network output circuit. Excitation require- 
ments: 30 watts RF and 10 watts audio for AM; 10 watts peak 


for SSB. Pedestal contains complete unit. With tubes. 
Cat. No. 240-1000. . Wired and tested...... 


Matching desk-top and three-drawer pedestal. 
GabINOe 2 a1 O Ved oc iia, se Sie ooo 8 olle! ws et sie ween 


Ses Amateur Net $1595.00 


....FOB Corry, Pa. $132.00 


“6N2 THUNDERBOLT” AMPLIFIER 


1200 watts (twice average DC) input 
SSB and DSB, Class AB:;1000 


watts CW, Class C; and 700 watts 


input AM linear. Continuous band- 
switched coverage on 6 and 2 meters. 
TVI suppressed. Drive requirements: 
approx. 5 watts Class AB: linear, 6 
watts Class C CW. With tubes and 
built-in power supply. 

Cat. No. Amateur Nef 


240-36 2-VieskKil. So. Sees overs eters $524.50 
240-362-2..Wired and tested... .$589.50 


The very finest SSB equipment you can buy! 


Free Unalog 


Write for your free copy of our 
newest amateur equipment cat- 


alog—complete specifications, —————— 


illustrations and schematics on 
Viking amateur equipment, 


INVADER 


The transmitter you’ve been waiting 
for—with more exclusive features 
than any other Transmitter/Exciter 
on the market today! Instant band- 
switching 80 through 10 meters—no 
extra crystals to buy—no retuning 
necessary. Rated 200 watts CW and 
SSB input; 90 watts input on AM. 
Unwanted sideband and carrier sup- 
pression is 60 db or better! Wide 
range pi-network output circuit. Ful- 
ly TVI suppressed. Self-contained 
heavy-duty power supply. Wired and 


tested with tubes and crystals. 


Cat. No. Amateur Net 
240-302-2..... Maen tate fs ag DOL ISSO 


HI-POWER CONVERSION 


INVADER-2000 

Here are all of the fine features of 
the “‘Invader’’, plus the added power 
and flexibility of an integral linear 
amplifier and remote controlled 
power supply. Rated a solid 2000 
watts P.E.P. (twice average DC) in- 
put on SSB; 1000 watts.CW; and 
800 watts input AM! Wide range 
output circuit (40 to 600 ohms ad- 
justable). Final amplifier provides 
exceptionally uniform “‘Q”’. Exclu- 
sive ‘‘push-pull’’ cooling system. 
Heavy-duty multi-section power 
supply. Wired and tested with power 
supply, tubes and crystals. 

Cat. No. Amateur Net 
QAO-304- Divas conc atedr easel 227.00 


Take the features and performance of your “Invader”... add the power and 
flexibility of this unique Viking “‘Hi-Power Conversion” system... and you're 
‘on the air” with the “Invader-2000”’—a solid 2000 watts P.E.P. (twice average 
DC) input SSB, 1000 watts CW and 800 watts input AM. Completely wired 
and tested—includes everything you need—no soldering necessary—complete 


the entire conversion in one evening! 


Cat. No. 240-303-2. .Hi-Power Conversion, complete.....+.+..+.+..Amateur Net $619.50 


m\ E. F. JOHNSON COMPANY 


WASECA 


MINNESOTA 


Boost your 
performance... 
add convenience 
with © 


STATION 
ACCESSORIES 


138-420-3 


240-133-2 


250-43 


137-102 


*"6N2"" VFO—Replaces 8 to 9 me. crystals in frequency multiplying 6 
and 2 meter transmitters. Output range: 7.995 to 9.010 mc. With 
tubes and power cable. 

CatiiNo: 2406133215 Kite kde oe rete n re neee Amateur Net $34.95 
Cat. No. 240-133-2.. Wired and tested...............-.- Amateur Net $54.95 
*"6N2"" CONVERTER—Instant front panel switching from normal 
receiver Operation to 6 or 2 meters. Available in following ranges: 26 
to 30 mcs., 28 to 30 mcs., 14 to 18 mcs., or 30.5 to 24.5 mcs. With tubes. 
Cat.'Nos 250343 sc Kitsiiy eae at arta eae a eee ee Amateur Net $59.95 
Cat.No. 250-43 Wired eink More cle sree atten wea eee Amateur Net $89.95 
PRE-TUNED BEAMS—Rugged, semi-wide spaced with balun match- 
ing sections. 3 elements, boom and balun. 


Cat; ‘No; 138-420-3;-.:20: Metetss, q.dien cn eee Amateur Net $139.50 
Cat: Noi 138-4:15-35251/5) Metiers..c oss en er aa ee Amateur Net $110.00 
Cat: No. 138-410-310 Weters. a. tice eee ok ee Amateur Net $ 79.50 


*‘MATCHSTICK"’—Fully automatic, pre-tuned vertical antenna system. 
Bandswitching 80—1I0 meters. Remotely motor driven. With 35’ mast. 
Cat. No. 137-102. . Pre-tuned Amateur Net $129.50 


VIKING AUDIO AMPLIFIER—Self-contained 10 watt speech **MATCHBOXES’’—Completely integrated antenna match- 


amplifier, with power supply and tubes. 


ing and switching systems for kilowatt or 275-watt trans- 


Cal! No 250-3321 UKit Serb et ae Amateur Net $73.50 mitters. Bandswitching 80 through 10 meters. 
Cat. No. 250-33-2.. Wired andtested....... Amateur Net $99.50 Cat. No. Amateur Net 


LOW PASS FILTER— Wired and pre-tuned. 


250-23-3. .275 Watts, with directional coupler and indicator . $86.50 
250-23. .275 Watts, less directional coupler and indicator. . .$54.95 


Cat. No. 250-20. .52 Ohms Impedance. ..... Amateur Net $14.95 250-30-3. . Kilowatt, with directional coupler and indicator. .$149.50 
Cat. No. 250-35. .72 Ohms Impedance...... Amateur Net $14.95 250-30. . Kilowatt, less directional coupler andindicator..... $124.50 


CRYSTAL CALIBRATOR—Provides accurate 100 kc check DIRECTIONAL COUPLER AND INDICATOR—Provides con- 


points to 55 mc. With tube and crystal. 


tinuous reading of SWR and relative power in transmis- 


Cat. No. 250-28... Wired and tested. ....... Amateur Net $17.95 sion line. 
t ” : . Cat. No. 250-37.7; Goupler.() 4 eee ae ee Amateur Net $11.75 
“SIGNAL SENTRY”— Monitors CW or phone signals up Gal. No 250-38 Indicator.4. ce ee Amateur Net $25.00 


to 50 mc. With tubes. 


Cat. No. 250-25. . Wired and tested........ Amateur Net $22.00 ATTENUATORS—Provide 6 db attenuation with required 


power dissipation to enable various units to serve as 


T-R SWITCH—Instantaneous break-in on SSB, DSB, CW exciters for Viking “Thunderbolt”. 


or AM. With tube, power supply and provision for RF 


b Cat. No. Amateur Net 
probe. 250-42-1. .For Viking “Ranger” orsimilar................ $21.50 
CairiNo.'250-39.. Wiredsn tw aessee ce iets Amateur Net $27.75 250-42-3. .For use with HT-32 or similar unit........ Sarco eh $21.50 


tree Colidlog 


Write for your free copy of our 

newest amateur equipment cat- 

alog—complete specifications, —————— 
illustrations and schematics on 

Vikina amateur eauinment. 


KEYS AND PRACTICE SETS — The E. F. Johnson Company also manu- 
factures a complete line of special and deluxe semi-automatic keys; 
heavy duty, high speed, and standard keys; practice keys; practice sets; 
learner sets; telegraph sounders; and key accessories. See them at your 
nearest Johnson distributor. 


a | E. F. JOHNSON COMPANY 


WASECA ° MINNESOTA 


Build it 
yourself... 
with 


Johnson 
ELECTRONIC 
COMPONENTS 


KNOBS AND DIALS—Includes a new group of molded nylon 
collet knobs available in 13 bright colors; and a distinctive line of 
matching knobs and dials. Available with phenolic skirts, etched 
and anodized aluminum skirts with markings, or flat dial scores 
engraved and filled. Collect knobs are constructed of tough, shock- 
proof nylon—standard phenolic knobs meet MIL-P-14 speci- 
fications. 


CONNECTORS—A complete line of nylon connectors as well as 
standard banana jacks and plugs. Nylon components include insu- 
lated solderless tip and banana plugs, tip and banana jacks, tip 
jack and sleeve assemblies, metal-clad tip jacks, and a 6-way bind- 
ing post. In thirteen bright colors—nylon components are designed 
to operate through an extremely wide temperature range and high 
relative humidity conditions. (Voltage breakdown upto 11,000 volts.) 


INSULATORS—High quality steatite and porcelain insulators. 
Heavily glazed surfaces and heavy nickel-plated brass hardware 
suitable for exposed application. May be supplied with screws 
and nuts or with jacks to accommodate standard banana plugs. 
Through-panel and stand-off types. Also antenna insulators, bush- 
ings, and feeder insulators. 


MISCELLANEOUS HARDWARE—The Johnson line of miscellaneous 
hardware includes a complete selection of shaft couplings, flexible 
shafts, panel bearings, RF chokes, crystal sockets, and Johnson’s 
popular multiple crystal selector. 


ae 


8 MAJOR COMPONENT LINES... 


The E. F. Johnson Company manufactures a complete line of 
electronic components for those of you who prefer to design 
and build your own transmitting equipment and accessories. See 
your local Authorized E. F. Johnson Distributor, or write for the 
catalog described below. 


Complete Catalog 


The complete line of 

Johnson components is described 
in detail in Catalog 978 ... 
write for your free copy today! 


PILOT LIGHTS—A complete selection of standardized pilot lights. 
Faceted jewel or wide-angle lucite lens types; enclosed or open 
body styles; standard bayonet, candelabra, or miniature screw 
types, and a wide variety of mounting brackets and assemblies. 
Jewels available in clear, red, green, amber, blue, and opal. All 
Johnson pilot lights are described in detail in Pilot Light Catalog 
750a—send for your copy! 


INDUCTORS—Widely used for commercial and amateur applica- 
tions, this line includes: swinging link; Hi-“‘Q”’; and rotary induc- 
tors; fixed coils and RF contactors. Available in a wide range of 
sizes and ratings. For complete information, write for Industrial 
and Broadcast Catalog 535A. 


VARIABLE CAPACITORS—13 basic capacitor series available in 
a wide selection of single section, dual section, butterfly and dif- 
ferential types. Units range from diminutive sub-miniature Type 
“U” capacitors, requiring less than 0.2 square inch of mounting 
space, to large, rugged heavy duty types. Plate spacing, capacity 
per section, breakdown ratings, and finishes to meet many military, 
commercial, and amateur equipment applications. 


TUBE SOCKETS—A high quality line, available in Standard, Indus- 
trial and military grades. Includes Kel-F sockets. for high power 
transmitting tubes, plus a wide group of steatite and porcelain 
Bayonet,Wafer, Septar, Miniature, and Special Purpose types. For 
specifications, write for Socket Standardization Booklet 536. 


F. JOHNSON COMPANY 


WASECA ° MINNESOTA 


for All Powers 


Whether you're on SSB, AM, or CW— 
QRP or QRO-there’s an RCA beam power 
tube for every amateur transmitter power 
level and for frequencies to 

450 Mc and beyond. 

Beam power tubes make it practical to 
build compactness into your rig. They do the 
job with fewer stages, less expensive 
components, fewer controls. RCA beam 
power tubes deliver the power with 
relatively low plate voltages. Thousands of 
commercial transmitters prove out these facts. 

For more useable “transmitter watts” 
for your dollars, “Socket-up” with RCA beam 
power tubes. Check the chart at the right 
for the types you need—and order direct 
from your RCA Industrial Tube Distributor. 


Popular RCA ‘‘Beam”’ Power Tubes for Transmitter Application 
(listed according to power-input ratings) 


Max. 


Max. Max. Freq. Max. Heater (H)- 
Class Plate- DC For full useful or 
RCA of Input Plate Input Freq. 
Type Service | Watts™ Volts@ (Mc) (Mc) 


—a 


) 

Same as RCA- 7E26, except for ial voltage = : H) 

oe 750 6. tai 2 

750 
40 750 6.3 (H) 
60 600 
1625 Same as RCA-807, except for heater voltage 12.6 

and use of medium 7-pin base 


6.3 (H) 


6850* Same as RCA-6524, except for heater voitage 12.6 a 


4604 750 175 
aie heating! 
750 
6146 $88 85 750 60 6.3 (H) 
AM 67.5 600 


6883 Same as RCA-6146, except for Bes voltage | 12.6 (H) 
CW 750 

829-B* SSB 750 200 250 
AM 600 

7203/ CW 500 2000 

4CX250B SSB 500 2000 500 a 
AM 300 1500 
CW 500 1500 
SSB 400 2000 | 60 175 6.3 (H) 
AM 335 1200 


CW 500 2250 
813 SSB 450 2500 30 120 10 (F) 
AM 400 2000 


*Twin-Type **Total for both Units AFor parallel-heater connection 
@For series-heater connection mMax. Ratings for amateur use 
For technical data on any of these types write RCA, Commercial Engineer- 
ing, Section , Harrison, N. J. ' 


TRANOGEIVER 


Collins KWM-2 Mobile SSB 
Transceiver provides superior 
single sideband performance in 
a variety of installations. En- 
gineered for the amateur who 
desires an 80 through 10 meter 
mobile transceiver, the KWM-2 
incorporates time-proven and ad- 
vanced communication concepts. 

The KWM-2 Transceiver off- 
ers outstanding frequency stabil- 
ity on fourteen 200 kc bands 
between 3.4 and 29.7 mc. With 
175 watts PEP input on SSB, or 
160 watts on CW, the KWM-2 
provides ample power for de- 
pendable amateur communica- 
tion. Filter-type SSB genera- 
tion, Collins permeability-tuned 
variable oscillator, crystal-con- 
trolled HF double conversion os- 
cillator, VOX and anti-trip cir- 


cuits, and exclusive ALC and 
RF inverse feedback are among 
the features of the KWM-2. The 
Collins Mechanical Filter, RF 
amplifier, tuned circuits, and 
several tubes perform the dual 
role of transmitting and receiv- 
ing. CW break-in and monitor- 
ing sidetone circuits are built-in, 
and all four plugs in the mobile 
mount connect the KWM-2 
automatically. A connector on 
the rear provides for antenna 
selection or loading coil selection 
for mobile operation. 

The Collins KWM-2 Mobile 
Transceiver weighs 18 lbs. 3 oz. 
and measures 734” H (including 
legs), 1434” W, and 1314” D. 
Mounts, accessories, and power 
supplies are available for 12 v 
dc, and 115 v ac operation. Add- 
ing the 312B-5, 399C-1 or 312B-4 
and 30S-1 to the KWM.-2 pro- 
vides a complete fixed station in- 
stallation. The PM-2 Power 
Supply and Carrying Case make 
the KWM-2 a portable station. 


THE KWM-2A MOBILE 
TRANSCEIVER has all of the 
features of the KWM-2 plus a 
front panel switch which allows 
selection between the standard 
crystal board and an additional 
14-crystal board. 


10 REASONS FOR COLLINS 
ADVANCED SSB PERFORMANCE 


1. FREQUENCY STABILITY — achieved 
through low frequency variable os- 
cillator. The effects of temperature 
variation on frequency is mini- 
mized by individual PTO tempera- 
ture compensation. 

MECHANICAL FILTER — produces a 
signal with two steep-sided skirts 
and a 2:1 bandwidth ratio at the 
60:6 db points. 

ONE KC DIVISIONS ON ALL 
BANDS — eliminate frequency 
searching. Now you can meet on 
schedule without retuning. 

DUAL OR SINGLE PTO CONTROL 
— provides a single control for 
transceiver operation with the flick 
of a switch, or permits the oper- 
ator to transmit and receive by 
separate control. 

AUTOMATIC LOAD CONTROL — 
keeps the signal level at its rated 
PEP automatically. ~ 
NEGATIVE RF FEEDBACK—improve 
linearity, gives maximum tube out- 
put and efficiency, yet keeps a 
clean signal. Eliminates 90% of 
distortion products’ energy. 
LIGHTWEIGHT — makes Collins 
amateur equipment ideal for field 
days, weekends and vacations. 
MORE QSO’s PER KC — due to the 
steep-skirted frequency response on 
both sides of the selectivity~curve 
which strictly limits the bandwidth 
to only the required amount of the 
spectrum. 

SIMPLICITY OF OPERATION AND 
PANEL — planetary 20-kc-per-turn 
knob allows more accurate tuning, 
The dial being used lights up for 
identification and readability. 
COMPLETELY COMPATIBLE STA- 
TION — comprised of distinctively 
designed desk top cabinets system 
engineered into a high powered 
amateur radio station. 
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THE SLINE 


The S/Line is a complete sta- 
tion, system engineered for the 


advanced amateur. The 328-1 
Transmitter and 75S-1 Receiver 
may be operated separately or 
as a transceiver in which the re- 
ceiver controls the transmitter 
frequency. The 312B-4 Speaker 
Console integrates the two units 
further with over-all station con- 
trol. For the amateur desiring 
the clearest and cleanest signal, 
the 30S-1 Linear Amplifier pro- 
vides maximum legal input on 
CW or SSB with greatly simpli- 
fied operation. 


32S-1 Transmitter 


The 32S-1 is an SSB or CW 
transmitter with a nominal out- 
put of 100 watts on the amateur 
bands between 3.4 and 29.7 mc. 
Input power is 175 watts PEP 
on SSB or 160 watts on CW. 


Crystal sockets, crystals and 
bandswitch position are provid- 
ed for ten 200 kc bands, with the 
standard amateur configuration: 
3.4-3.6, 3.6-3.8, 3.8-4.0; 7.0-7.2, 
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7.2-7.4; 14.0-14.2, 14.2-14.4; 21.0- 
21 202) 2-21-45 2).4-21°6" 7 28.0 
28.7. Two additional crystal 
sockets are also provided for any 
other two 200 kc bands between 
28 and 29.7 mc. Complete cover- 
age from 3.4 to 5.0 mc and 6.5 mc 
to 29.7 can also be obtained. A 
fourteenth position, correspond- 
ing to the WWV position on the 
receiver, can be used for an addi- 
tional 200 ke band in the 9.5-15.0 
mc range, if desired. 


Features incorporated into the 
32S-1 include Mechanical Fil- 
ter-type sideband generation; 
stable, permeability-tuned VFO; 
crystal-controlled HF oscillator; 
RF inverse feedback for better 
linearity; automatic load control 
for higher average talk power 
and for protection against flat- 
topping. 

For ac operation, the 516F-2 
Power Supply is used with the 
32S-1; for 12 v de operation, the 


516E-1 may be used with minor 
modification. 


312B-4 Speaker Console 


The 312B-4 (pictured between 
75S-1 and 328-1 below) houses a 


speaker, an RF directional watt- 
meter with 200 and 2000 watt 
scales, and switches for station 
control functions, 


75S-1 Receiver 


The 75S-1 provides SSB, CW 
and AM reception. It is capable 
of coverage of the entire HF 
spectrum between 3.4 and 29.7 
mec by selection of the appro- 
priate HF heterodyning crystals. 


The standard amateur config- 
uration includes crystal sockets, 
crystals and bandswitch posi- 
tions for: 3.4-3.6, 3.6-3.8, 3.8-4.0; 
10-7.2; -7.2-74> 14.0447 ia 
14.4; 21.0-21:2, 212-214. 327-4- 
21.6. Two additional crystal 
sockets are also provided for 
any other two 200 ke bands be- 
tween 28.0 and 29.7 mc. Complete 
coverage from 3.4 to 5.0 mc and 
6.5 to 29.7 mc can also be ob- 
tained. A crystal and bandswitch 
position is also provided for 14.8- 
15.0 me for reception of WWYV 
and WWVH for time and fre- 
quency calibration data. 


Features incorporated in the 
75S-1 include dual conversion 
with a _ crystal-controlled first 


75S-] Receiver 


heterodyning oscillator; band- 
pass first IF; stable, permeabili- 
ty-tuned VFO; amplifier design- 
ed to minimize cross modulation 
products; Mechanical Filter; ex- 
cellent AVC characteristics; and 
both product and diode detector. 


The advanced design of the 
75S-1 includes the use of only 
150 volts on vacuum tube plates; 
use of silicon diodes in lieu of a 
conventional high vacuum recti- 
fier; and the choice of three de- 
grees of selectivity (with option- 
al CW filter). 


A power connector at the rear 
of the 75S-1 chassis provides for 
disabling the internal ac power 
supply so that the 12 v dc power 
supply for the KWM-2 may 
power the receiver as well as the 
transmitter. 


305-1 Linear Amplifier 


The 30S-1 is a-completely self- 
contained, single tube, grounded 
grid linear amplifier. Requiring 
70 to 100 watts driving power 
(from the 32S-1 or KWM-2), it 
provides the full legal power in- 
put for SSB and CW. The tube 
used is the Eimac 4CX1000A. 


312B-4 Speaker Console 


325-1 Transmitter 


The 30S-1 covers all amateur 
bands between 3.4 and 29.7 mc. 


The 30S-1 may be loaded into 
an antenna without exceeding 
the legal dc input of 1 kw during 
tune-up. Front panel switching 
makes two different power levels 
immediately available for SSB 
operation: 100 watts from the 
exciter alone or the full 1 kw 
meter average input for SSB. 
The air blower for the 4CX- 
1000A is barely audible in a 
quiet room. The power supply 
for the 30S-1, which is housed 
in the lower portion of the cabi- 
net, provides cathode bias volt- 
age, screen voltage and plate 
voltage for the 4CX1000A. Space 
is provided in this compartment 
for the 516F-2 Power Supply. 


Extended Frequency Versions 
of the S/Line 


The 32S-1 and 75S-1 are avail- 
able in extended frequency ver- 
sions, designated the 75S-2 and 
32S-2. The two differ from the 
original in that an additional 
crystal board has been added 
beneath the chassis. In _ this 
board is placed the standard 


complement of ham band crys- 
tals normally received with the 
equipment. The upper board is 


available for the operator to 


place whatever additional crys- 
tals he may desire up to a total 
of 14. A front panel switch is 
added to allow switching be- 
tween the two crystal boards. 


10 REASONS WHY COLLINS 
SSB IS BEST ... 


© Frequency Stability 
@ Mechanical Filter SSB Generation 
© One KC Divisions on All Bands 

| © Duel or Single PTO Control 


| © Automatic Load Control 


@ Negative RF Feedback 

© Lightweight 

@ More QSO’s Per KC 

© Simplicity of operation and panel 
© Completely Compatible Station 


305-1 Linear Amplifier 
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and RWM-2 
ACCESORIES 


302C-3 DIRECTIONAL WATTMETER — The 
302C-3 measures forward and 
reflected power on 200 and 2000 
watt scales. Coupler unit mounts 
separate from indicator-control 
box. Power loss and mismatch 
introduced by the instrument 
are negligible. 


B312-1 DIRECTIONAL COUPLER — The 
coupler unit from the 302C-3 for 
operators who desire to use an 
optional meter and switch for a 
customized fixed installation or 
for a mobile installation. 


351E TABLE MOUNTS— For mounting 
the S/Line and KWM-2 on air- 
planes, boats, etc. May be fas- 
tened to any flat surface. Front 
clamps attach to the feet of the 
units to hold them securely. 
351E-1 for 328-1, 75S-1; 351E-2 
for 312B-4, 516F-2; 351E-3 for 
312B-3, 351E-4 for KWM-2. 


351D-2 MOBILE MOUNT— Provides se- 
cure mounting for KWM-2 in 
most automobiles. Cantilever 
arms fold out of the way when 
KWM.-2 is removed. 

Mating plugs connect power, 
receive-transmit antenna, noise 
blanker, antenna, speaker, and 
antenna control as KWM-2 
slides into place. Cables includ- 
ed with this mount. 


312B-5 SPEAKER CONSOLE AND EXTERNAL 
PTO—Used with KWM-: 2 in fixed 
station operation to provide sep- 
arate receiving and transmitting 
control, also includes a direc- 
tional wattmeter. 
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302C-3 


399C-1 SPEAKER AND EXTERNAL PTO— 
Contains speaker and external 
PTO for separate receiver and 
transmitter control of KWM-2. 


136B-2 NOISE BLANKER— Designed for 
use with the KWM-2 under mo- 
bile operating conditions. This 
noise blanker provides effective 
reduction of impulse-type noise, 
particularly ignition noise. 


312B-3 SPEAKER—Contains a 5” x 7” 
speaker and connecting cable. 


516F-2 AC POWER SUPPLY — Operates 
from 115 v ac, 50-60 cps. Pro- 
vides all voltages for the 32S-1. 


516E-] POWER SUPPLY—Operates from 
12 v de. Provides all required 
voltages for the KWM-2 or 32S-1 
and 75S-1. 


MM-1] MOBILE MICROPHONE—A dynamic 
microphone designed to fit your 
hand comfortably. An _ eleven 
inch length of Koiled Kord (5’ 
extended) is supplied with the 
22 ounce microphone. 


MM-2 BOOM MICROPHONE—A high im- 
pedance reluctance microphone- 
single earphone combination 
which may be used in either a 
fixed station installation or with 
a mobile unit. Output level of the 
MM.-2 is —50 db. 


MM-3 BOOM MICROPHONE — Has the 
same characteristics as the MM- 
2 except that there is no ear- 
phone built into the headset of 
the MM-3. 


312B-5 


SM-1 DESK TOP MICROPHONE — A high 
impedance, dynamic mike with 
satin finish and shock-resistant 
base. Output level: —58 db. 


SM-2 MICROPHONE—A slender, gray 
and chrome dynamic desk top 
microphone. Excellent for ham 
transmission or for high fidelity 
recording because of its wide 
frequency response range of 50- 
13,000 cps. The SM-2 has an 
output level of —60 db. 


Now the KWM-2 goes anywhere 
with the new Collins PM-2 
Portable Power Supply 


Collins PM-2 Portable Power Supply, 
with its built-in auxiliary speaker, pro- 
vides all voltages needed for the 
KWM-2. It quickly slides into place and | 
connects to the back of the KWM-2; | 
ready to operate in minutes from either 
115 v ac or 220 v ac at 50-400 cps as | 
a completely portable SSB and CW . 
station. The PM-2 matches the design | 
and finish of the KWM-2. 


The PM-2 and KWM-2 are carried in 
a rugged, shock resistant Samsonite 
Yet, combined they 


Ultralite suitcase. 
weigh less than 50 Ibs. 


COLLINS 


cS @ / 
S/LINE 7 


AND KWM-2 AT 


MNM-1 


MN-2 


RAW 


MM-3 


YOUR NEAREST AUTHORIZED COLLING DISTRIBUTOR 


SM-I SM-2 


For further information and complete specifications on the entire Collins S/Line, KWM-2 
and accessories, see one of the following Collins authorized distributors. 


ALABAMA 
Birmingham Ack Radio Supply Co. 
ALASKA 
Anchorage Yukon Radio Supply, Inc. 
ARIZONA 
Phoenix Southwest Whsle. Radio, Inc. 
Tucson Elliott Electronics, Inc. 
ARKANSAS 
DeWitt Moory’s Whsle. Radio & App.Co. 
Texarkana Lavender Radio & TV Supply 
Co., Inc. 
CALIFORNIA 
Burbank Valley Electronic Supply Co. 
Burlingame Amrad Supply, Inc. 
Los Angeles Henry Radio, Inc. 
Radio Products Sales, Inc. 
Oakland Elmar Electronics 
San Diego Western Radio & TV Sup. Co. 
San Jose Quement Industrial Electronics 
COLORADO 
Denver Radio Products Sales Co. 
CONNECTICUT 
Hartford Corky’s of Hartford, Inc. 
New Haven Radio Shack Corp. of Conn, 
DELAWARE 
Wilmington Willard S. Wilson, Inc. 
DISTRICT OF COLUMBIA 
Washington Electronic Wholesalers, Inc. 
FLORIDA 
Jacksonville Peard Electronic Supply Co. 
Melbourne Electronic Supply Co. 
Miami Amateur Radio Center, Inc. 
Electronic Supply Co. 
Pensacola Grice Electronics, Inc. 
St. Petersburg Broad Radio 
Tampa Kinkade Radio Supply, Inc. 
GEORGIA 
Atlanta Ack Radio Supply Co. 
Specialty Distributing Co., Inc. 
HAWAII 
Honolulu Kaimuki Radio Company, Ltd. 
ILLINOIS 
Chicago Allied Radio Corp. 
Newark Electronics Corporation 
Peoria Klaus Radio & Electric Company 


COLLINS RADJO COMPANY ° 


CEDAR RAPIDS,IOWA_  ® 


INDIANA 
Fort Wayne Brown Electronics, Inc. 


Indianapolis Graham Electronics Sup., Inc. 


South Bend Radio Distributing Co., Inc. 
IOWA 
Council Bluffs World Radio Lab., Inc. 
Des Moines Bob and Jack’s, Inc. 
Radio Trade Supply Co. 
KANSAS 
Topeka The Overton Electric Co., Inc. 
KENTUCKY 
Lexington Radio Equipment Company 
LOUISIANA 
New Orleans Radio Parts, Inc. 
MASSACHUSETTS 
Boston DeMambro Radio Supply, Inc. 
Radio Shack Corporation 
MICHIGAN 
Ann Arbor Purchase Radio Supply 
Detroit M. N. Duffy & Company 
Kalamazoo Warren Radio Company 
MINNESOTA 
Minneapolis Electronic Center, Inc. 
Lew Bonn Company 
St. Paul Stark Radio Supply Company 
MISSISSIPPI 
Jackson Swan Distributing Co., Inc. 
MISSOURI 
Butler Henry Radio Company 
Kansas City Burstein-Applebee Company 
St. Louis Walter Ashe Radio Company 
MONTANA 
Great Falls Electric City Radio Supply 
NEW HAMPSHIRE 
Concord Evans Radio 
NEW JERSEY 
Mountainside Federated Purchaser, Inc. 
Newark Hudson Radio & Television 
Corp. of N.J. 
NEW YORK 
Albany Ft. Orange Radio Distr. Co., Inc. 
Amsterdam Adirondack Radio Supply 
Buffalo Genessee Radio & Parts Co., Inc. 
New York Harrison Radio Corp. 
Harvey Radio, Inc. 
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DALLAS, TEXAS ° 


NORTH CAROLINA 
Asheville Freck Radio & Supply Co. 
Winston-Salem Dalton-Hege Radio 
Supply Co., Inc. 
OHIO 
Cincinnati Steinberg’s Inc. 
Cleveland Pioneer Electronic Sup. Co. 
Columbus Universal Service 
Dayton Custom Electronics, Inc. 
Toledo Selectronic Supplies, Inc. 
OKLAHOMA 
Oklahoma City General Electronics, Inc. 
Tulsa Radio, Inc. 
OREGON 
Portland Portland Radio Supply Co. 
PENNSYLVANIA 
Philadelphia Radio Electric Service 
Company of Pa., Inc. 
Pittsburgh Cameradio Company 
RHODE ISLAND 
Providence W. H. Edwards Co., Inc. 
SOUTH DAKOTA 
Watertown Burghardt Radio Supply 
TENNESSEE 
Memphis W. & W. Distributing Company 
Nashville Electra Distributing Company 
TEXAS — 
Abilene Howard Radio Company 
Austin Hargis-Austin, Inc. 
Corpus Christi Electronic Equipment & 
Engineering Company 
Dallas Amateur Electronics, Inc. 
Central Electronics 
Crabtree’s Wholesale Electronics 
El Paso McNicol Inc. 
Houston Busacker Electronic Equipment 
Company, Inc. 
San Antonio Modern Electronics Co. 
Radio & Television Parts Company 
WASHINGTON 
Spokane Northwest Electronics Distr. 
Tacoma C & G Radio Electronics Co. 
WISCONSIN 
Fond du Lac Harris Radio Corporation 
Madison Satterfield Electronics, Inc. 
Milwaukee Amateur Electronics Supply 
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Send for this FREE National 

Catalog for up-to-date 
: information on America’s 

co sam  — finest, receivers! 


= Gives Complete Specifications, Full List of 
= Accessories, Latest Prices on these Famous 
NATIONAL RECEIVERS. 


BURTON BROWNE/New Yorle 


| y MOTO | (Westy, Us Ba | 2) Nati - 
ina | “ANT | Oak ee ; ‘ Je ational newest 
nee “i Rik Features widest a ari genera | : overage 
f - ; : 
eh NA ce evele bien bet saree Suet receiver. Covers 540 kc to 31 mcin 7 bands. 18 tubes 
ne sia se fat (including rectifier) AM-CW-SSB. May be used in fixed 
world’s most famous receiver. : : : 
channel or diversity operation. 


AC/DC-Battery Portable. 
Covers 150 ke to 23 mec 
in 5 bands...only re- 
ceiver at its price with 
calibrated coverage of 
CONSOLAN. Exclusive 
RDF-66 Direction Finder 
Accessory provides accu- 
rate navigation for small 
boats. 


All “ham band’’ re- SW sii 
ceiver with highest a 
mechanical stability, 
lowest thermal drift 
and maximum SSB, AM 

and CW versatility. 10 separate dial scales cover 160 


to 1% meters. Dual conversion... 5-position "IF 
Shift’’ for selectable sideband. 


“COSMIC BLUE”’ 


National’s newest! Dual conversion:‘‘ham band”’ receiver ... 6 meter 
coverage; features the exclusive Ferrite Filter* for instant upper- 
lower SSB, CW and AM selectivity; it provides an average ''Q”’ of 
500 at 230 kc...in new duo-tone Cosmic Blue cabinet; plus Flip 
Foot for maximum operating convenience. 

* Patent pending 


NATIONAL RECEIVERS AND ACCESSORIES ARE 
SOLD ONLY BY FRANCHISED DISTRIBUTORS. MOST 
OF THESE DISTRIBUTORS OFFER TRADE-IN AL- 
LOWANCES AND LIBERAL BUDGET TERMS. 


... First all-new 
low-priced short- MELROSE 76, MASS. 
wave/standard A wholly owned subsidiary of National Co., Inc. 
broadcast receiver in over 10 years! Covers 540 kc Export: AD AURIEMA, INC. 85 Broad St., New York, N.Y., U.S.A. 
to 31 mcin 4 bands. 110 volts AC/DC. Built-in speaker. In Canada: CANADIAN MARCONI CO., 830 Bayview Ave., Toronto, Ont. 
Specifications subject to change without notice. 
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Send for this FREE National 


Catalog to meet your 
Component Requirements 


in addition to the components mentioned below, National Radio Co. 
aiso manufactures complete lines of capacitors, tanks, grid and plate caps, 
IF transformers, ceramic insulators, bushings, spreaders, couplings, 
terminal assemblies, and other electronic and electro-mechanical com- 
ponents, Write for components catalog covering your specific applications. 


| 
| 
| 
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BURTON BROWNE/New York 


Type KMS. Complete line of standard 
plastic control knobs made in conformance 
with MS-91528. Four basic types (with or 
without skirts), three shaft sizes, gloss or 
matte finishes, or to your color specifica- 
tions... in all Mil-Spec sizes. 


R-45 SERIES: Ferrite bead chokes for frequencies 
from 5 to 200 mc. R-40 SERIES : Ferrite-core chokes, 
extremely high Q for small size. Fungus-proof var- 
nish impregnation per MIL-V137A. R-25 SERIES: 
MiL-inductance chokes for high frequency circuits. 
Inductance per MIL-C15305A, coil forms per 
MIL-P-14, impregnation per MIL-V-173A. R-33, 
R-50, R-60 SERIES: RF coils molded on phenolic 
forms per MIL-P-14. 


National Exclusive! Flush fit on both sides of 
aluminum sheet provides permanent tapped holes. 
Stainless steel 303 as per MIL-S-853A, passivated 
finish as per MIL-P12011. Additional types to 
meet MIL SPECS P-11268, E-5400, and E-16400. 
Captive studs also available. 


TYPE PRAD: Right angle drive remote 
operation of low torque units. TYPE RAD: 
Right angle drive for ganging capacitors, 
potentiometers or other parts in inacces- 
sible locations. TYPE AN: Vernier mech- 
anism for use with any 3/16” National 
knobs and others. TYPE AVD: Vernier 
mechanism similar to type AN except 
that the output shaft is non-insulated. 


Many National Radio Co. components are made to specifications... 


For military and commercial applications. 
Available in five standard sizes with or without 
terminal collars. Terminal collars accept up to 
four terminals per collar. All materials are in 
accordance with applicable MIL-SPECS. Pre- 
assembled forms to your prints quoted upon 
request. 


TYPE HRS: Molded Tenite knobs, grey, black or 
to specifications. TYPE HRT: Large deLuxe knobs 
designed for National's receivers, now available 


by popular request. TYPE HRB: Band switching Wi 


knob or other applications where switch is turned 
to several index positions. TYPE HRM: Small brass 
knurled knobs. TYPE HRK: Fluted, large black 
Bakelite knobs. TYPE HRP: Chip resistant black 
Bakelite knob without pointer. TYPE HRP-P: Same 
as HRP but with pointer. 


TYPE CIR: Tube sockets of grade L-4 ceramic 
materials (JAN-1-10 spec.) in four models. 
TYPE CS: Crystal mounting sockets for crystal 
holders JAN-1-10 spec.). 

TYPES XM-10, XM-50: Heavy-duty, metal shell 
sockets for four-pin tubes. TYPES XLA-7: 
Low-loss socket for 6F4 and 950 series acorn 
tubes. TYPES SPP-3, SPP-9: Plate caps of 
grade L-4 steatite (JAN-1-10 spec.) with silver 
or tin plated beryllium copper grips. TYPES 
GG-8, 12, 24: Grid grips made in two types, 
three sizes, variety of materials... clip grip, or 
loop grip . . . other specifications also. 
TERMINAL/ASSEMBLIES: TYPE FWC: Insu- 
lators molded of mica-filled Bakelite. TYPE 
FWE: Nickel plated brass jacks. TYPE FWA: 
Nickel plated brass binding posts. TYPE FWT: 
Plugs for stacking. TYPES FWH, FWJ: Ter- 
minal assemblies. 


Specifications subject to change without notice. 


For your SPECIAL design or development applications problems, write or call: 


A wholly owned subsidiary of National Co., Inc. 


Export: AD AURIEMA, INC., 85 Broad St., New York, N. Y., U.S.A. In Canada: CANADIAN MARCONI CO., 830 Bayview Ave., Toronto ,Ont. 
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5100-B 


51SB 


PRESENTS 1960's 
TOP PRODUCTS IN 


QUALITY AND PERFORMANCE 


es oc Seid Pinear Ample 
(Factory Wired or in Kit Form) 


New! Advanced design amplifier incorpurating every ele- 
ment needed for fool-proof, reliable operation. This 
smartly-styled full kilowatt package of power takes up no 
more table space than a receiver. Can be driven by com- 
mercial and home-built exciters in the 100-watt output 
class. Includes R.F. section complete with tubes, blower, 
filament and bias supply and optional input matching unit. 
Pi-network output circuit for precise tuning and loading 
on 80-40-20-15-10 meters 

POWER SUPPLY UNIT LPS-1 — Designed as com- 
panion to the LPA-1| for side-by-side installation or remote 
location. Switching panel removable for remote control. 
Full wave single-phase bridge rectifier with four Type 816 
mereury vapor tubes ine luded. R.F. filteri ing. Heavy-duty 
transformer core stacks and superior high-voltage insula- 
tion for reliable, continuous operation at 1 KW. 
MATCHING UNITS MODEL LPA-MU & MODEL 
LPA-MU-2— Compact, pretuned bandswitching assem- 
bly for matching fixed-output type exciters to B&W ampli- 
fier, insures Maximum input drive on all bands. Model 
LL.PA-MU is designed for the L.PA-1 and is installed so that 
input matching to the final is accomplished automatically 
when amplifier is bandswitched. Model LPA-MU-2 is 
similar, but is designed for previous B&W amplifiers 
Models L-1000-A and [L-1001-A. Assembled, ready for 
installation with instructions and fittings. 


Medium Powered Transmitter 5100-B 


Completely self-contained including power supply and 
VFO. Bandswitching on the 80-40-20-15-10 meter bands. 
Peak envelope power 180 watts CW-SSB; 145 watts AM. 
Excellent SSB when used with the 51SB-B described be- 
low. Stable VFO accurately calibrated for all amateur 
bands including 10 meters. Bias system provides complete 
cutoff under key-up conditions. Excellent TVI suppres- 
sion. Pi-network output. The 5100-B makes a superlatively 
well regulated driver for a grounded grid class ‘‘B” linear, 
with output to spare. 


Transistorized Converters and 
Inverters 12 to 14 VDC Input 


Reliable, shock-resistant DC to DC and DC to AC power 
units conservatively rated for continuous service. Con- 
verter applications include mobile communications, citizens 
radios, marine radio-telephones, and aircraft radios. In- 
verters are suitable for snychro position indicators, gyro 
instruments such as turn and bank indicators and artificial 
horizons, remote indicating compasses and other aircraft 
and marine instruments. 12 to 14 VDC input converters: 
25 watts, Model TPC-25W; 60 watts, Model TPC-60W ; 
120 watts, Model TPC-120W and the 400 cycle 25 watt 
inverter, Model TPI-25W. 


BARKER & WILLIAMSON, INC. 


Bristol, Pennsylvania 


medium powered: filament choke 


pi-network inductor 


1-Kw Pi-Network Assembly T-R Switch 380-B 


Pi-Network Inductor Assemblies 


Integral bandswitched Pi-network inductors for 
single or parallel tube operation 80 through 10 
meters. Give top efficiency in Class ‘fC”’ or linear 
operation using triodes or tetrodes in conventional 
and grounded grid circuits. Ample current-carrying 
eapacity and optimum ‘‘Q”’ over entire operating 
range. Model 850A —Conservatively rated at | 
KW on CW-SSB and AM with 100% modulation. 
Max. voltage: 4000 VDC on CW-SSB; 2500-3000 
on AM with 100% modulation. Model 851 — Me- 
dium powered with rating of 250 watts on AM 
phone and 500 watts on CW-SSB. Max. voltage: 
2000 VDC on CW-SSR; 1250 VDC on AM phone. 


Grid Dip Meter 


A highly accurate, sensitive instrument. May be 
used as a grid-dip oscillator, signal generator, or 
absorption wavemeter. Five color-coded plug-in coils 
cover 1.75 to 260 mc. Color-coded dial easily read. 
Operates from 110 VAC. Easy to use in hard-to-get- 
at places. Model 600. 


T-R Switches 


Fully automatic electronic antenna switching from 
transmitter to receiver and vice versa. Ideal for 
fast break-in operation on SSB-AM-CW-DSB. Fail- 
safe design eliminates risk of transmitter damage if 
switch is not energized. Match 52-75 ohm coax lines. 
Model 381 handles full legal power with wide safety 
margin. Selectable bandswitching, 80 through 10 
meters, for high signal-to-noise ratio and minimum 
intermodulation effect from local broadcast and 
TVI. For commercial applications, Model 381 
handles up to 5 KW SSB and CW under SWR 
conditions not exceeding 1.5 to 1 using 72 ohm coax 


T-R Switch 381 


Model 650 and 651 
Matchmaster 


Multi-Position 


Grid Dip Meter Coax Switches 


line, and higher power with 52 ohm line. Model 
380-B is designed for medium power applications. 
Has broadband circuitry which eliminates tuning 
and adjustment. 


Multi-Position Coax Switches 


For 75 or 52 ohm line. Instantly switches coax lines 

.no screwing or unscrewing coax connectors. 
Handles up to 1 KW modulated power. Max. cross- 
talk —45db at 30 me. Model 550A 5-position switch. 
Model 551A 2-pole, 2-position switch. 


Low Pass Filter 


For Transmitters to 1K W. Minimum 85 db attenua- 
tion throughout TV bands. Uses exclusive B&W 
patented wave-guide design in novel multi-sectional 
construction giving greater attenuation in less space 
at lower cost. Model 425 for 52 ohms impedance 
Model 426 for 75 ohms, 


Matchmaster 


Self-contained in 6’ x 8” x 8” steel cabinet. Serves 
as dummy load for transmitter tests. SWR measure- 
ments throughout range of 500 ke to 80 me. Direct- 
reading R.F. watt meter up to 125 watts, higher 
powers by sampling. Integral SWR bridge for match- 
ing antennas and other loads to transmitter. Model 
650 for 52 ohm line, Model 651 for 75 ohms. 


R. F. Filament Chokes 


Used with standard filament transformers in 
erounded grid amplifier circuitry. Broadband design 
requires no tuning 80 through 10 meters. Packaged 
in steel case with mounting brackets. Model P'C-15 
— For one or two tubes requiring not more than 15 
amps fil. current. Model FC-30 — For one or two 
tubes of up to 30 amps fil. current. 


BARKER & WILLIAMSON, INC. 


Bristol, Pennsylvania 


... The Model CON Operating Console is an unusual 
“add a unit’ type enclosure used in Point to Point, Air- 
Ground, Airport Control Tower, Mobile and Shipboard instal- 
lations where maximum operating efficiency and equipment 
flexibility is required. The units are made up of standard 19" 
assemblies which can be used to form straight line, ‘*L’’, ‘*‘U“’ 
and many other arrangements........-....-.-..-.----4 


(R-825/URR)...a general purpose communica- 
tions receiver of the double conversion superheterodyne type 
covering the frequency range of .51 to 31 mcs. Stable—selec- 
tive—accurate—built-in crystal calibrator......: 3 


(R-840/URR) ... Provides the same high quality 
characteristics of the GPR-90 but also permits the use of 10 
precisely adjustable crystal positions available from the front 
panel plus a rear deck input for an external high stability 
control oscillator or synthesizer..............----.---4 


... Single Sideband Adapter of the filter slicer type per- 
mitting accurate and simple tuning of SSB, AM, CW and 
MCW. Filter provides additional selectivity and pass-band 
tuning. Upper and lower sidebands are selected by a flip of 
Oi swifchs233550 ci. compotion selene oe 


... Single Sideband Transmitter is a conserva- 
tively rated general purpose transmitter providing at least 
1 KW PEP from 2—32 mcs.—SSB—ISB—DSB—CW—MCW-—FS. 
Rugged, compact, serviceable, completely bandswitched— 
ideally suited for mobile, marine, fixed station operations. 
GPR-9ORX Four models. available...2.250 (2. csc. -ccs vec ceueanewee 


(AN/URT-17A)...is a fully bandswitched, 
continuously tunable (2-32MC) radio transmitter. The building 
block concept makes this transmitter versatile, easy to install, 
operate and maintain. Four models available. SSB, ISB, DSB, 


AM, CW, MCW, FAX, FS. The GPT-750 ( )2 is ideally 
suited for fixed station, mobile and shipboard operation. 


GSB 


SBT-1KA GPT-750D 


ISB - CW > MCW «- AM 


(0-330A/FR) ...a direct reading, high stability, Vari- 


able Frequency Oscillator providing continuously variable 
output over the frequency range of 2—64 mcs. 


...The TMC Frequency Shift Exciter System, Model 
XFL-2 is combined low and high frequency shift system. The 
system combines the TMC Low Frequency Adapter, Model LFA 
with TMC Frequency Shift Exciter, Model XFK to provide vers- 
atile operation over a wide range of frequencies—1 to 6.9 
mresrand DO to 900 Kesiniv..cc6 ooccec0ceeh ant song eee 
... Compact, rugged Radio Transmitter cap- 
able of at least 350 watts PEP from 2—32 mcs. SSB—ISB—DSB 
CW—MCW-—FS low level AM—completely bandswitched— 
five models available.........-.--.----.---s-.seeseee-sees 
(AN/GRM-33) .. . SSB Analyzer designed for the spe- 
cific purpose of tuning and aligning single sideband exciters 
and transmitters permitting a visual analysis of intermodula- 
tion distortion products, hum and noise. The PTE-1 consists of 
3 basic TMC units: Spectrum Analyzer Model FSA (AN/URM- 
116); A VFO TMC Model VOX (0-330/FR) and a Two-tone 
Generator TMC Model TTG (C-579/URT)........-- 
(AN/FRT-39A) . . . is a conservatively rated general 
purpose radio transmitter capable of at least 10 KW PEP out- 
put from 4-28 mcs. All power amplifier stages are linear and 
the final incorporates a ceramic tube for greater efficiency 
and reliability. All components housed within a single attrac- 
tive enclosure including sideband exciter—VFO, spectrum 
analyzer, F.S. Exciter and complete ‘“‘on the air’ testing 
CHECWIITY © ecstises-sscae ie Hikerig Gh dere me A eer eer rs 


MAMARONECK, NEW YORK 
in CANADA: Ottawa, Ontario, Canada 


GPT-10K 


SBT-350B 


New, Heathkit’ Transceivers 


tO Wee 


6 Meter and 2 Meter Models 


e Tracked VFO and Exciter Stages 
for single knob tuning 


¢ Up to 10 watts RF output to antenna 
e Built-in Low Pass Filter 


e Built-in 3-way Power Supply for 
LIEN AE HOW OC Or te VG 
operation 


e Push-to-talk Ceramic Element Mi- 
crophone 


only STHOQO25 


‘“SHAWNEE"' 6-METER AND ‘‘PAWNEE" 2-METER TRANSCEIVER KITS 


Mobile or fixed, these new transceivers bring you 
unprecedented VHF performance, for each is a com- 
plete AM & CW transmitter-receiver combination 
with features unmatched at this low price. Just con- 
nect an antenna and you’re in business! The trans- 
mitters feature a built-in VFO with all frequency 
determining components mounted on a “heat sink”’ 
plate for temperature stability, plus four switch- 
selected crystal positions for net, novice, CAP and 
Mars operation. VFO and all exciter stages are 
tracked for convenient single knob tuning over any 
500 KC band segment (greater excursions require 
simple re-peaking of final). A VFO spot-switch is 
provided for zeroing-in signals with transmitter off. 

A 6360 dual tetrode final RF amplifier provides up 
to 10 watts of power output to the antenna and a 
built-in low pass filter is incorporated to suppress 
harmonics and other spurious radiation which might 
reach the antenna. The dual purpose modulator pro- 
vides a full 10 watts of audio for high level plate 
modulation of the final RF amplifier or 15 watts of 
audio for public address operation, selectable with a 
push-pull switch. 

The receiver is a superheterodyne using double con- 
version with the first oscillator crystal controlled for 
high stability. All oscillators are voltage regulated. 


HEATHKIT® »f 


of 


NAME 


CITY 


The large, slide-rule type dial with vernier tuning pro- 
vides ample bandspread for both receiver and VFO 
tuning. Also featured is an RF gain control, BFO, 
ANL, squelch, AVC on/off switch and front panel 
tuning meter. Meter is automatically switched to 
read received signal strength or relative power out- 
put. Meter and tuning dial are edge illuminated for 
high visibility. 

A unique built-in 3-way power supply allows 117 
VAC fixed station operation or 6 or 12 VDC mobile 
operation simply by using either AC or DC power 
cables furnished. The power supply uses heavy-duty 
vibrator system with silicon type rectifiers in bridge 
circuit configuration. All sections of the unit are 
completely shielded for maximum stability and noise 
free operation. 

Both units come complete with built-in speaker, 
two power plugs (AC & DC), heavy duty power 
cables, primary fused relay for mobile installation, 
mounting bracket and push-to-talk ceramic element 
microphone with coil cord and mounting clip. Cab- 
inet measures 6” H x 12” W x 10” D. 34 lbs. 


Model HW-10 6-Meter ... $20 dn....... $199.95 
Model HW-20 2-Meter...$20dn....... $199.95 


HEATH COMPANY 
Benton Harbor 9, Michigan 


Please send my Free copy of the complete Heathkit Catalog, 


ADDRESS 


ZONE STATE 


Order Direct by Mail or see your Heathkit Dealer. 


4-65A 


4£27A/5-125B 


ACX1000A 


ACX250B 


EIMAC FIRST... 


for all band transmission 


4-65A Radial-Beam Power Tetrode 


Smallest of the Eimac internal-anode 
tetrodes, the 4-65A has a plate-dissipa- 
tion rating of 65 watts and is ideal for 
deluxe mobile as well as fixed-station 


service. 

CW AM SSB 
Pjate Voltage 3000v 2500v 3000v 
Driving Power 1.7w 2.6w 0 
Input Power 345w 275w 195w 


4-400A Radial-Beam Power Tetrode 


Ideal for high power amateur rigs, it 
will easily handle a kilowatt per tube in 
CW, AM or SSB application. Forced-air 
cooling is required. 

CW AM SSB 
Plate Voltage 3000v 3650v 4000v 
Driving Power 6w 4w 0 
Input Power 1000w 1000w 1000w 


4E27A /5-125B Radial-Beam Power 
Pentode 


The Eimac 4E27A/5-125B is intended for 
use as a modulator, oscillator or ampli- 
fier. The driving-power requirement is 
very low, and neutralization problems are 
simplified or eae entirely. 


AM SSB 
Plate Voltage 3000v 2500v 4000v 
Driving Power lw 2w 0 
Input Power 500w 380w 360w 


4CX1000A Ceramic Power Tetrode 


Specifically designed for SSB operation, 
the ceramic-metal 4CX1000A Class AB, 
linear-amplifier tube achieves maximum 
rated output power with zero grid drive. 


SSB 
Plate Voltage 3000v 
Driving Power 0 
Input Power 2700w 


4CX250B Ceramic Power Tetrode 


A compact, rugged tube unilaterally in- 
terchangeable in nearly all cases with 
the famous 4X150A, with the advantages 
of higher power a ene 


SSB 
Plate Voltage 2000v 1500v 2000v 
Driving Power 2.8W 2.1w 0 
Input Power 500w 300w  500w 


4-125A Radial-Beam Power Tetrode 


The versatile tube that made screen grid 
transmitting tubes popular. This favorite 
for commercial, military and amateur use 
is radiation cooled. 

c AM SSB 


Plate Voltage 3000v 2500v 3000v 
Driving Power 2.5W 3.3w 0 
Input Power 500w 380w 315w 


4-250A Radial-Beam Power Tetrode 


A high power output tube with low 
driving requirements. A pair of Eimac 
4-250A’s easily handle a kilowatt input 
in AM, CW or SSB service. 
CW 


AM SSB 
Plate Voltage 3000v 3000v 4000v 
Driving Power 6w 3.2W 0 


Input Power 1000w 675w 660w 


4CX300A Ceramic Power Tetrode 


A new ceramic-metal high power tetrode 
designed for rugged service. Will with- 
stand heavy shock and vibration and 
operate with envelope temperatures to 
250° Centigrade. 

CW AM SSB 


Plate Voltage 2500v 1500v 2500v 
Driving Power 2.8w 2.1w 0 
Input Power 625w 300w 625w 


Information on these popular tubes for 
amateur applications is available from 


our Amateur Service Department. 


EITEL-McCULLOUGH, INC. 


CARLOS, CAL 


S AN 


The World’s Largest Manufacturer of Transmitting Tubes 


isk O-=RNZICA 


4-250A 4CX300A 


Se 


on your 


desk top... 
or on wheels 


Sparkling new... smooth-working combo...a powerful 
100 watt AM transmitter, sensitive dual-conversion 
receiver... two-way operation on 80-40-20-15-10 and 6 
meters. This handsome, designer-styled package is just 
slightly over one foot long, less than six inches high, 


mounts handily under the dash of your car—blends in 1 
too, belongs. Transistorized DC supply is separate, mounts 00 wall AM 
in any small convenient space. tr an scelver 


You can take this G-76 out of your car, use it—with matching AC power supply and speaker | 
assembly — for excellent 6 band fixed station operation. Here’s opportunity to add new enjoyment 
—and DX—with operation on another lively amateur band, 6 meters. G-76 is a full-blown, star | 
performer on 6 as well as the other five widely used 10, 15, 20, 40 and 80 meter bands. 


While G-76 is properly called a transceiver because of some common audio circuitry, transmitter 
and receiver are Separately tunable. Receiver can be set to out-of-band DX, transmitter VFO 
anywhere within the band. Transmitter VFO is intended to be spotted on receiver dial. Frequency 
control may be either by VFO or quartz crystal. (Except on 6 meters which is crystal controlled 
only.) Transmitter and receiver oscillators are both compensated so that drift with temperature 
is negligible. Oscillator circuit has very low drift even with exceptionally wide excursions in : 
both plate and filament supply voltages. ) 


HIGHLIGHTS: Transmitter power input 100 watts AM, 120 watts CW + pi network output for 52 ohms «+ Dual : 
conversion receiver - BFO for CW/SSB reception - Automatic noise limiter - Sensitivity: approx. 1 microvolt 
at 50 ohms for 6 db S+N/N ratio - Selectivity: 3 to 3.5 kc bandwidth at 6 db down, 14 kes or less at 


60 db down. 
G-76 less power supply and speaker, #3338.......... 0... ccc eee eeeee ab BT Oe é 
G-76 transistorized 12V DC power supply (neg. ground), #3350............... 145.00 | 
G-76 power supply for 117V AC w/speaker, #3349.............0. 000s wets 45 OO 


ath G oO A S ET Division of Young Spring & Wire Corporation 


801 SOUTH MAIN ST., Pee e CEE ON AS 


EXPORT SALES: WESTREX CORP. 540 WEST eet ST EET, ‘NEV v 


COMMUNICATOR IV...4 


Dlue-hi fe GY 


Grvestmenl. 


Many of the thousands of Communicators 
on the air today were purchased a number 
of years ago. A substantial number of these 
units have changed hands several times 
over the years. Basically well designed 
and constructed, they continue to perform 
... retain their resale value. Any Commu- 
nicator owner can find a good market for 
his old gear whenever he decides to step-up 
to a newer, more advanced model. And 
COMMUNICATOR IV gives any VHF 
man the best of reasons for taking this 
Step... today. 


Now... higher input power... greater “Talk” 
power. A fine modern-design receiver using the 
latest VHF frame-grid, front-end tubes for a 
noise figure of 4-5! Triple conversion with first 
conversion quartz crystal controlled... your 
assurance of high stability of the frequency 
range where stabilization is most important— 
and usually most difficult to obtain. Receiver 
is continuously tunable, 143.7-148.3 mcs. 


Add other “dividend” features: adjustable 
‘squelch’, noise limiter, ‘“‘S’’ meter, earphone 
jack, 6-switchable crystal positions plus 
provisions for external VFO. .. transistorized 
universal power supply built-in, no strapping— 
merely use proper plug/cable supplied to change 
from AC to DC. 


All-in-all, features for greater range and flexibility ... for 
a new high order of operating pleasure and convenience. From me 
any viewpoint ...a blue-chip investment. 369.50 


OTHER MODELS: 


COMMUNICATOR IV 
IS CERTIFIED FOR 
OCDM SPECS WHEN 
SUPPLIED WITH 
#3361 C-D KIT. 


COMMUNICATOR IV 
MODELS FOR CAP 


~ SOON .. . COMMUNICATOR IV MODELS 
FOR 50 MCS AND FOR 220 MCS. 


SE I WP a I EN eT TES RETRO 
allt ET G oO N Ss E T Division of Young Spring & Wire Corporation 


801 SOUTH MAIN ST., BURBANK, CALIFORNIA 


EXPORT SALES: WE ., 540 WEST 58TH STREET, NEW YORK 19, N.Y. 


SPECIALISTS IN PRECISION 
ELECTRONICS EQUIPMENT 


FOR DEPENDABILITY 
IN COMMUNICATIONS 
oe SELECT INTERNATIONAL 
CRYSTALS 


Wire mounted plated crystals for the Amateur or Experimenter where 
tolerances of .01% are permissible and wide range temperatures are 


not encountered. 


Designed to operate into a load ca- 
pacitance of 32 mmf on the funda- 
mental between 1000 kc and 15 mc. 
Designed to operate anti-resonance 
on 3rd overtone modes into grid cir- 
cuit without additional capacitance 
load. Fifth overtone crystals and 
seventh overtone crystals operate at 
series resonance. 


Wire mounted, plated crystals for use in commercial equipment 
where close tolerances must be observed. All 


for specific load presented by equip- 
ment. Crystals are available for all 
major two-way equipment and in 
most cases the necessary correlation 
data is on file. Prices on request. 


CRYSTALS FOR USE IN MILITARY EQUIP- 
MENT CAN BE SUPPLIED 70. MEET 
SPECIFICATIONS OF MIL-C-3098B. 


Metal, hermetically sealed. 
FA-5 and FA-9 are HC/6U pin type. 
FM-9 is HC/18U pin type. 


Se 0196 

of nominal at 30°C. 
—40° to + 
70°C. += .01% of frequency at 30°C. 


Recommended, maxi- 
mum 3 milliwatts for overtones; up 
to 80 milliwatts for fundamentals, 
depending on frequency. 

FA-5 and FA-9 
1000 to 20,000 kc fundamental; 10 mc 
to 60 mc third overtone; 60 mc to 
137 mc fifth and seventh overtone. 
FM-9 8000 kc to 20,000 kc funda- 
mental; 20,000 kc to 60 mc third over- 
tone; 60 mc to 110 mc fifth overtone. 


Low drift 
AT-cut blanks are used in these units 
above 500 kc, and low drift DT and 
CT-cut blanks are used in units below 
500 kc; any crystal can be supplied 
for operation with or without an oven, 


AT—=.005% from —55° to +90° C. 
+.002% from —30° to +60° C. 
OT-CT—=.01% from —40° to +70° C. 


AT—.0025% of nominal at +30° C. 
DT-CT—.01% of nominal at +30° C. 


Maximum, AT — 
10 milliwatts 500 ke to 999 kc 
4 milliwatts 10,000 ke to 24,000 kc 
2 milliwatts 25 mc to 137 mc 
OT-CT — 2 milliwatts 


For Yours 


units are calibrated 


International’s 4 
Complete Cata- 4 
log Free. Send 


i 


RADIO CRYSTALS AND QUALITY 


QUALITY ELECTRONIC 


EQUIPMENT FROM 
INTERNATIONAL 


Printed circuit 
oscillator for band 
edge calibrator and 

frequency standard. Power: 
150 vdc @ 8 ma, 6.3 vac @ 


150 ma. 
Kit, complete with 
tUDeR andr ChYStalee a. oe as. ete 1295 
WROGwand sl OSUCU: ss,..-s0cc0c senccs 3. casves $15.95 


{fundamental operation) 
200 ke to 15,000 kc. 
Tolerances of .01% 

and .005% with appro- 
priate FX-1 crystal. 

Tolerances of .0025% and 

001% available wired and 

tested. Power: 210 vdc @ 5 ma, 

6.3 vac @ 150 ma. Tube 6BH6. 

(overtone operation) 15 mc - 60 mc in five 

ranges. Power: 150 vdc @ 8 ma, 6.3 vac 

(® 175 ma. Tube 6AKS. 


Kit (less tube and crystal) ..... eee S860 
Wired and tested 
Gessatubecandenystal).. 2. ece:.. cc. $6.95 


Compact crystal 
oscillator. Frequency 
range 2 mc to 15 mc. 
Fundamental mode 
crystals. Uses Inter- 
national F-605 or FA-5 
Crystals. Power: 210 vdc 
plate @ 5 ma, 6.3 vac 
@ 150 ma. Tube: 6BH6. 
Wired and Tested with 
PEDO MESS HORS ees cei. sss sstapessenoton: $4.75 


Crystal 
controlled 
RF converter. 
6.1 mc IF output. 

Available for 6, 10, 11, 15, and 20 meters. 
Power: 250 vdc @ 10 ma, 6.3 or 12 vdc. 
Tubes: 6BA6, 12 AT7 (6 meters — 6AKO rf 
amplifier). Printed 
circuit, prewired 


Printed 

circuit 
pre-wired IF 
Unit. Mixer and 
tuneable oscillator 
feeding a 455 kc IF 
stage. Noise limiter 

and squelch circuits. May be incorporated 
in dual conversion superheterodyne re- 
ceivers. Oscillator circuit may be crystal 
controlled. Power 250 

VoGue(@ wallow MasnOroaVid Gar gece ee ee cee. $16.00 


Compact audio 
unit for trans- | 
mitter design. 
Tubes: 6AN8 speech 
amplifier/audio, 6AQ5 
power amplifier 
modulator. Includes output transformer. 
Printed circuit pre-wired. Power: 250 vdc, 
Braid Cae On eae ee eee ure, eal $13.50 


MOBILETTE 
al 


riternational’s 


New all . Transistor, 


Crystal controlled cunverter fur Mobile 


short wave reception. Available in nine frequency ranges 
covering the Amateur bands 75 through 6 meters, the Citizens band, 
and WWY. Complete ready to install. (Specify frequency) 
eo Meter Models eo ee ee ie ee 


bs liaiee autscviaearueeatees .$49.50 


—Three transistors, 
crystal controlled. 6 mc IF standard. 
10 meters. Wired, tested 
WAUMCIYStA| ceo. i eS EEN $17.95 


Two transistors, crystal con- 
trolled. 600 - 1600 ke IF standard. Wired, 
tested with crystal. Available for 75, 40, 
20, 15, 10 meters, and 
Citizens. Bands 232.4 eee rsh LOSSE 


3 transistors. RF stage, Avail- 
able all amateur bands 6 through 80 
meters. 600-1600 ke IF... $17.95 


Three transistors. 
Input 100,000 ohms and 50 ohms. Speech 
input for dynamic microphone. Push pull 
power amp. Wired and tested........ $21.50 


SIX. transistors, 
2 diodes. Crystal controlled local oscilla- 
tor. Noise limiter and squelch. 6 mc. in- 
put. Wired and tested with 
2 crystals 


| Three tran- 
sistors. Crystal controlled. Switch for 
two frequencies. 10 meter range. Trans- 


mitterless ‘transistors... 2 $10.00 
+1 Transisitor Kit 
CLOG: MWh ses! a Sone $17.50 
#2 Transistor Kit 
RSI RG ih 8 eee eae ee eae $ 9.00 


Three separate transistor 
units with total of 8 frequency ranges 
(100 ke to 60 mc). 100-300 ke and 
200-5000 kc. 3000-20,000 kc. 
Overtone 15 mc to 60 mc in 5 ranges. 
Specify frequency......2..2...-.. (each) $4.00 


Crystal controlled for generating standard 
signals in alignment of IF and RF cir- 
cuits. Accommodates FX-1 crystals from 
200 ke to 15,000 kc. Special oscillators 
for frequencies to 60 mc. Complete with 
power supply for 115 vac. Oscillator with 

— case; cover 
and carrying 
handle (less 
crystals). 


$69.50 


18 NORTH LEE—OKLA. CITY, OKLA. 


Ham Application 


Ham Transmission Lines—RG/U Type 


Belden 72-ohm RG/U Cables are designed for 
lowest losses, longer service life, and maximum 
dependability. Cables are essentially flat with 
no peaks in attenuation to reduce signal on 
either high or low frequencies. 


i. aR 


8241 Type RG-59/U 


8238 Type RG-11/U 


Ham Transmission Lines— 
Parallel Type 


| | Belden : 


8235 
300 Ohm—1 KW (RF) Rated 


ES 
eee ———————ee 
= SSS 
— 


8210 
72 Ohm—1 KW (RF) Rated 


Belden transmission line cables are made with 


brown virgin polyethylene for best weather 


resistance and lowest losses. Uniform quality con- 


trol prevents standing waves and mismatches. 


Power Supply Cables 


Provide dependable service as power supply 
cords, interconnecting cables on electronic 


equipment, remote control circuits, special 


press-to-talk microphone circuits, and other 


ham applications. Designed for long service 


life with excellent mechanical and electrical 


characteristics, and uniform quality. Special 


jacket offers maximum resistance to abrasion 


and ozone. 


Shielded Power 
Supply Cable 


One wire source for Everything Electronic and Electrical 


38 es 


Quality Controlled=Easy-to-Use- 
Packaged Lengths 


High Voltage Lead | 


New, improved lead offers smaller diameter 


and greater flexibility and voltage .150’ OD, 
25,000 V working voltage and 50,000 V break- 
down. 


8868 


Antenna Rotor Cables 


Sturdy, flexible, plastic insulated cable forall Ham 
antenna rotor applications. Cables are color 


coded for easier hook-up. Chrome, vinyl plastic 


jacket resists sun and aging. 


Dy Coiled Microphone Cable 

New spacesaving coiled mike cable provides 
low impedance for mobile microphone appli- 
cations. Black neoprene jacket remains flexible 
at low temperatures. Retracted length 11 inch- 
es, stretches to full 6 feet. 


CCC 


| 
( 


Shielded Hook-up and Grid Wire 


Provide most effective TVI suppression. Vinyl 
insulated with tinned copper braid shield. 
Available in two capacities—(8884, shown) 
AWG, 16; OD, .150; Working Voltage, 3000; 
—(8886) AWG, 20; OD, .124; Working Volt- 
age, 3000. 


Magnet Wire ® Lead Wire * Power Supply Cords * Cord 
se 4 Sets and Portable Cord ® Aircraft Wires ¢ Electrical House- 

hold Cords * Electronic Wires * Welding Cable * Auto- 
motive Wire and Cable 3 9 


electron 


HELPFUL CHARTS & LITERATURE FREE: Write for CONDENSED 


TUBE CATALOG, information at a glance, rapid tube data refer- . | 
ence tables, 31 pages of condensed: fnterpiation arranged COMMUNICATION 


for quick reference, Address your distributor or Amperex direct. 


= 


ELECTRO-MEDICAL 


5868 
DX151 
6961 
6757 


»e@eoeoeeoeeoee eee ee ee eoeeoee00028008008468 @eeeeeveoeaeeeoeeeoed 


PPP Re ek ee Detailed Data Sheets on any of th se 
tubes, and applications 


ap service are yours for the asking 


RADIATOR CREDIT FOR 


Tube Type Users Allowance 
B88SRA ..... oe ae 
891R, 892R .. 


=r a! 
= ah bs 5604 
mea 
wn N 2 5667 
6445 
PoC CERECHCECHESECHEHEHROSSEEHHEHREEHHEEHHHOS eeeereveeeoeoeoeeoeeone 6447. 


6757 
6801 


18517 


**Price on request. : 
tPrice includes 10% Fed 
ALL PRICES © oTICE 


7093 
6360 
6939 
18515 


pee eecoeoeaeoeooeaeeoeee 


Henter. Gm and plate of 
ance « low transit time 
tances « lower mic phonics 
_ construction — 


6688 


6977 
eeeeeeoeoeeeeeeseeeeeeeeoeeeeeeeeeeeeeeeeeeeeeeeeeeoeeeeoeeeeeseseeeeveeeeeeeeeoeeeeeeeeeeeeeee® 


TOSSES OHEHHHHE HEHEHE HHHHEHEHHHHHHHHSHHEHHEHHSHHHEHHHEHESHESHEHHHHHESHSHHSHHHHOEHHHHOSSEEOS HEH 
7377 


SCOHCSSCHSHESSHOHSSOSSEHSHSHEHSHSHSSEHSSHESESHESSHSSHSSHSHSHSHSHSHSHSSHSHSHSHEHSESHSESHEHSHSHSHSHSHSHSHSHSHSSHSSSSHEHSHSSHEHHHEHSHEHEHESEEHE 
° 
e 
e 
e 
2 
© 
aw 
dl 
: 
* 
dl 
e 
= 
e 
a 
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5726/E91AA 2 $1.90: 


| a VIVM 


1M3/DM70- 3 .98 


6BR5/EM80 |. 1.23 


6CD7/EM34__ 


Pur ites ues Cia Seamer Sc Neca ee 


Se ee 


H6CAT7/EL3S4 


(O28 ay 
-¥45B5/UL84 
5654/E95F 


1 

1 

2 

1 

1 

1 

1 

7 

1 

2 

4 
6007/5913 1 
6008/5911 1. 
6083 6. 14. 
3 

ee 

— $6267/EF86 1 
oe 8 
.. 4 
_6687/E91H ... 1 
6 

6 

3 

1 

3 

3 


*6688A ..... 


— Type No.  . Price” 
MAGNONS (Con’ t) 


os =. 
«5586 . 
«5657 . 


41700 
(S7a0A 
6589. 2. 


6972. 


FEAUG 3s 
$6BQ5/EL84 
+6CW5/EL86 _. 
T6EH7/EF183 


I6EI7/EFI84 ... 
t8BQ5/XL84 


*5B47/E1B2F ©. 14. 


6084/E80F 
6227/EE80OL 


6686/E81L 
6688/E180F 


Pine a ee Sees 9 


eee ee ee ae ey 


_$6DC8/EBF89 . . $1.60 


 TRIODE-PENTODES 
t6BL8/ECF80 .. $1.70 
+6BM8/ECL82 .. 1.60 
46U8 22. 2, 1.65 
i50BM8/UCL82 1.50 
es .60 
~ PHOTOMULTIPLIERS 
= B2AVP 28. $120.00 
| S7AVP . . |. . 850.00 
BBAVP 1... 850.00 
150AVP 62.00 
50AVP-SP 78.00 
150AVP-SP 76.00 
150CVP. 84.00 
5iUVP. oo .. 308.00 
53UVP 462.00 
RECTIFIERS 
- £1S2A/DY87.. . $ 1.38 
t5AR4/GZ34 .. 2.10 
= T5R4G-Y ©... 2 1:90: 
$46CA4/EZ81 .. 1.05 © 
t6V4/EZ80 ... a5 
BISA 22.15 
6/3 22. 22.15 
BO020AX . 22. . 24.00 
RECTIFIERS, MERCURY. 
8578 = 2. $235.00 
S66AX 2 2.65 
8698.  &; 160.00 
869BL ...., 160.00 
S72AX 222 2, 9.90 
6508 .. 2... 80.00 
6693 25.00 
J136 0 25.00 
S00B8BAX 2. 2-10.65 
RECTIFIERS, XENON 
3B28 4.2 28. $ 6.50 
ABI = 13.50 


OE3/85Al .... $2.25 
OG3/85A2 2... 2.25 


SOS 2 1.7 


Type No. Price 
VOLTAGE REGULATORS 
OA2 ...... . $126 
OB2 ....... 132 
S0Cl 22 ee: 2.25 
6354/7150B2 2... 2:55 
TETRODES 
TH2ER5 §..  § 1.40 
TIBZERS 202. 1.40 
re Us ekoy eee 36.00 
4-250K 2 eee , 46.50 
4-400A 2.0 es 48.00 
4CX250B : 45.00 
*TAZERS 1.40 
4X150A 33.15 
4X150D : 3315 
4X250B 42.50 
4X250F 42.50 
4X500A 50 
SIGERS/EC9S 1.40 
| 250.00 

eae Pe 305.00 
6079 2 ee, 60.00 
6155 3b 36.00 
6156 es 46.50 
6883 2 ee. & 5.00 
6979 ae. 42.50 
TD2T a a 48.00 


615. $21.10 


8295 $19.00 
$324. 15.90 
5894 25.00 
6252, 25.00 
6360. si. 5.15 
6907... 25.00 
6939 12.00 
277 25.00 
7376 #e 

THYRATRONS 
2021... 3 122 
3C23... =i o8 
6328... 36.00 
5632/C3) ... 15.50 
5684/C3JA .. 19.80 
5685/C6JA .. 29.30 
B727/E9IN .. 2.50 
Axveo 150.00 
THYRATRONS, HYDROGEN 
6268 $32.50 
6279 45.00 

- THYRATRONS, MERCURY 
(5557/FG17/— 
—-967/1701 .. $ 9.50 
55 23.00 
5560/FG95 33.00 
. 25.00 
70 100.00 
6786... .... 200.00 
AX105/FG105 . 53.33 
THYRATRONS, XENON 
2050... $ 1.85 
554A 30.50 
45 29.30 
TRIODES 
*OFY5 |... $ 2,90 
*3FY5 . 2.90 
*6FY5 8, 2.90 
t6GM8/6GM8 . _—-2.28 
t6Q4/EC80 .. 3.00 
T6R4/EC81 .. 2.55 
556. 660.00 
450TH ..... 77.00 
A507. 77.00 
501R/5759 .. 225.00 
502/5760 ... 210.00 
502R/5761 .. 235.00 
5O4R 245.00 
805 20.10 
£10 25.65 
BIIA 6.90 
BI2A.... 6.90 
833A... 47.90 
34. 19.30 
838 6. 20.00 


Bee cose 


(5920/E90CC . 


6201 /E81CC 
6211... . 


~7062/E180CC 


—O6687/E9IH |. 


: Tyre No. oe 
_TRIODES (Con’t). 


HF200 ..... 49 
HE2O1A/468 
HF300 . 
7263200 


TRIODE, INDICATOR : 
6977/DM170 . ce 2 $2. 50 


TWIN TRIODES — 


2. 
t6AQ8/ECC85 .. 1. 
t6DJ8/ECC88 .. 2. 
*t6ES8/ECC189 . 2. 
#6J6/ECC91 ... 

9AQ8/PCC85.. . 

412AT7/ECC81 
$12AU7/ECC82 
£12AX7/ECC83 . 1. 
E17 EWS /HCCBS- 


6085/E80CC . 
6463) a. 
*6922/E88CC. .... 
ga ee 


TRIGGER TUBES | 
COLD CATHODE 
Z50T -. 2... . $1.7 


Z300T ..,. A. 
Z804U/7713 . . 
HEPTODE 
$1 
coed ee 
BEAM DEFLE@TION TUB 
6218/E80T .. . $15 


ask Amperex 


about electronic. tubes 
and semiconductors for 
every industrial and com- 
munications application. 
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ARRL WORLD MAP 


Printed in eight colors on heavy map paper 
with 267 countries clearly outlined. Continental 
boundaries, time zones, amateur prefixes, 
plainly marked. Size: 30 x 40 inches. $2.00. 
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PUBLISHED BY THE 
AMERICAN RADIO RELAY LEAGUE 


THE 
AK Roi 
ANTENNA BOOK 


361i EDITION » 192% 


The radio 
amateurs 
handbook 


THE STANDARD MANUAL OF AMATEUR 


Baye bre Peo eS 


RADIO COMMUNICATION 


PUBLISHED BY THE AMERICAN RADIO 


Seo 


rise the 
Rudic Amatows 


#200 


TRAINERS 


overeating 


for 
imorviouat 
on 
cLasseoo 
wastrucnion 
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LIGHTNING 
CALCULATORS | 


Quick and accurate answers with ARR Lh 
ning Calculators! Type A for prob vy 
frequency inductance, capacity. Type 
sistance, voltage, current and powe 
each. 


%& QST Although primarily a ham magazine, QST is found on the desks of engineers, technicians 
and just about everyone in the electronics field. There is something for everyone in QST, from 
the Novice to the Old Timer. QST and ARRL membership $5.00 in U.S.A., $5.25 in Canada, 
$6.00 elsewhere. 


¥%& THE RADIO AMATEUR’S HANDBOOK Internationally recognized, universally consulted. 
Packed with information essential to the amateur and professional alike. Hundreds of photos, 
diagrams, charts and tables. $3.50 U.S.A., $4.00 U.S. Poss. and Canada, $4.50 elsewhere; 
Buckram Edition, $6.00 everywhere. 


% A COURSE IN RADIO FUNDAMENTALS A complete course of study for use with the Radio 
Amateur's Handbook. Applicable to individual home study or class use. $1 U.S.A. proper, $1.25 
elsewhere. 


¥% HOW TO BECOME A RADIO AMATEUR Tells what amateur radio is and how to get 
started in this fascinating hobby. Emphasis is given to the needs of the Novice licensee, with three 
complete simple amateur stations featured. 50¢. 


¥%& THE RADIO AMATEUR’S LICENSE MANUAL Complete with typical questions and answers 
to all of the FCC amateur exams—Novice, Technician, General and Extra Class. Continually 
kept up to date. 50¢. 


%& LEARNING THE RADIOTELEGRAPH CODE For those who find it difficult to master the 
code. Designed to help the beginner. Contains practice material for home study and classroom 
use. 50¢. 


%& THE ARRL ANTENNA BOOK Profusely illustrated, the Antenna Book includes information 
on theory and operation of antennas for all amateur bands; simple doublets, multi-element 
arrays, rotaries, long wires, rhombics, mobile whips, etc. $2.00 U.S.A. proper, $2.25 elsewhere. 


% SINGLE SIDEBAND FOR THE RADIO AMATEUR A digest of the best SSB articles from 
QST. Includes discussions of theory and practical “how-to-build-it’’ descriptions of equipment. 
$1.50 U.S.A. proper, $1.75 elsewhere. 


x THE MOBILE MANUAL FOR RADIO AMATEURS It’s a collection of articles on tried and 
tested equipment that have appeared in QST. A “must” for the bookshelf of anyone interested in 
the installation, maintenance and operation of mobile stations. $2.50 U.S.A. proper, $3.00 
elsewhere. | 


% HINTS AND KINKS If you build equipment and operate an amateur radio station, you'll 
find this a mighty valuable book in your shack and workshop. More than 300 practical ideas. 
$1 U.S.A. proper, $1.25 elsewhere. 


| | ptpplication for Membership 


| 


ts) AXMERICAN RADIO RELAY LEAGUE 


Administrative Headquarters: West Hartford, Connecticut, U. S. A. 
Binge aa ke Say Sag SS Pe 2 
AMERICAN Rapio RELAY LEAGUE, 
West) Hartiord:.7Gonn! Uso 
Being genuinely interested in Amateur Radio, I hereby 
apply for membership in the American Radio Relay 
seague, and enclose $5.00* in payment of one year’s dues, 
Leag lose $5.00 payment ol \ 
$2.50 of which is for a subscription to QS'7 for the same 
period. [Subscription to OST alone cannot be entered 
for one year for $2.50, since membership and subscription 


ff 


Mie Oe eS see issue. 


The call of my station is... 


are inseparable.| Please begin my subscription with the 
The class of.my Operator’s heenseis .....-).. eee 
I belong to the following radio societies.........e- 


OO 3, BO 207.08 2.49 2 ODN E)'8' 8 BO) 0108 O50") BS. 8 Or US Oe Oe ae) Ol 8 eS oe 6 Ge @ 8 @ 6 2) 4 Clee 


Send my Certificate of Membership [ or Membership 
‘ard (] (Indicate which) to the address below: 


Name sic he ee era oe ee sar 


*eesete983 80207 *# 8 OHHH HHBHEHPPHHTHEHF HPSS HF FC Ho CHE eO CHSC HE HEE HHO TE BC eo 


* oe © e@ © @¢ @ ete © ete @orteee ses eveeeve eee eeivses Hes eeesee 


A bona fide Interest in amateur radio is the only essential requirement, but full 
voting membership Is granted only to licensed radio amateurs of the 
United States and Canada. Therefore, if you have a license, 
please be sure to Indicate it above. 

*$5.00 in the United States and Possessions. 


$5.25, U.S. funds, in Canada. 
$6.00, U.S. funds, in all other countries. 


Ab 


ewhich antenna they have and 


ety, effective way to investi- 
ateur antennas. 

»Master Antennas will 
well, or better, than 
ga bit of their DX 


mention that their 


| 
er antenna is pleasing 
ely acceptable to their 
t their Mosley antenna 
ake’ wind and storm; that get- 
asy, uncomplicated. 


MOSLEY TRAPMASTER ANTENNAS 


MODEL TA-36— Wide spaced six element beam rated to full KW. Employs three operating elements 
on 20M, three operating elements on 15M and four operating elements on 10M. Low SWR with high 
gain and front-to-back ratio. Traps are weather and dirt proof offering frequency stability in all 
weather. Maximum element length is 29 feet. Boom length is 24 feet. Turning radius 19’3’’. 
Shipping weight 76 lbs. All heavy-wall 6061-T6 aluminum construction. Boom is 20D by 24’ by 
1/8” wall and requires no bracing. Truly the finest beam in its price class. 


Net Eccl a uscote 6 boots bee oe oral o200 


MODEL TA-33— World famous three element beam built for operation at maximum legal power. 

Provides outstanding performance on 10,15 and 20M. Maximum element length 28’. Boom length 
14’, Turning radius 15%’. Shipping weight 53 lbs. 

Net Eachesevrosveveseses $9915 

MODEL TA-32— Two element version of the famed Mosley TrapMaster Model TA-33. Broadband 

design provides peak efficiency on each band - 10,15 or 20M. Maximum element length 28’. Boom 

length 7’. Turning radius 14’5”. Shipping weight 32 lbs. 

| Net Each peso verecrsvesce $69.50 

MODEL V-3—~ 10,15 and 20M Vertical rated to full KW. Electrical quarter wave on each band. 

Requires only short radials. 11’6” from base to tip. Complete with base mount, guy line and all 


necessary hardware. Shipping weight.8 lbs. 
Net-Each < v6.56 6 oe oer 00 6 02922,95 


These Antennas are but a few from the complete TrapMaster line. Catalog available upon request. 


Mosley slim-profile trap assemblies are the truly 
proven, fail-proof, 1 KW rated traps - a fact attested 
by the thousands of Amateurs in the U.S.A. - 
and almost every corner of the globe - who are glad 


they bought a Mosley TRAPMASTER! 


if You’re a One-Band Man,Be Sure fo See 
the Mosley POWERMASTER Line 


4610 N. Lindbergh 
Bridgeton, Missouri 


A/ 


International Rectifiers 
SELENIUM :-GERMANIUM : SILICON 


SELENIUM TV.'AND RADIO RECTIFIERS 


Ratings: 25 to 156 volts AC, 50 to 1,200 ma. DC 


The widest range in the industry! Designed for 
Radio, Television, TV booster, UHF converter 
and experimental applications. Input ratings 
from 25 to 156 volts AC and up. DC output 
current 50 to 1,200 MA. Write for application 
information, Bulletin ER-178-A 


HIGH Q@ VOLTAGE VARIABLE CAPACITOR 


SD 500 KIT, TV REPLACEMENT 


All-purpose silicon replacement kit of 
fers radio-TV¥V men simple means of 
replacing all existing silicon rectifier 
types. Hermetically sealed diode can 
be wired in or plugged into fuse.clip. 
To 100 C; needs no heat sink. 

Bulletin JB 505. 


-UNISTAC SILICON TV RECTIFIER 


) 


A direct and universal replacement for all ex- 
isting selenium stacks up to 500 ma. Eyelet 
construction. No “special socket,” conversion 
kit or drilling required. Especially suited to 
the elevated operating temperatures inherent 
in most TV sets Bulletin TV-500. 


SELENIUM RECTIFIER STACKS 


Ratings: Q of 1000, 200 PIV DC 


Semicap’s small size, light weight, high relia« 
bility and low power requirements make it 
ideal for automatic frequency control, fre- 
quency modulation oscillators and filter 
networks. All-welded hermetically sealed, 
shock-proof housing. Request Bulletin SR-205, 


SUB MINIATURE SELENIUM DIODES 


Ratings: 20 to 160 volts * 100ua to 11 ma. 
Ideal components for bias supplies, sensitive 
relays, computers etc. High resistance, (10 
megohms and higher at -10 volts). Excellent 
lineat forward characteristics. Extremely small, 
low in cost. Encapsulated to resist adverse 
environmental extremes. Specify Bulletin SD-1B, 


@ world of difference 


through research? 


Ag 


EXECUTIVE OFFICES: 
WORLD'S LARGEST SUPPLIER OF 


Ratings: 85 te 600 ma © 1500 to 6000 PIV. 
Highly reliable series of tube replacement rectifiers 
rated from 1500 to 6400 PIV; 85 to 600 ma (including 
the ST-7 replacement for the 866 Tube ) offer the supe- 
rior characteristics of silicon on a wide range of high 
voltage applications. Complete data: Bulletin SR-209. 


SILICON VOLTAGE REGULATOR ZENER DIODES 


Ratings: From 600 milliwatts to 10 watts 


A complete series in 6 types. Miniature single 
junction types, multiple junction types and 
double anode units. 750 milliwatt and 1 watt 
types: Bulletin SR-251, 3.5 and 10 watt types: 
Bulletin SR-252, Multiple junction 5 watt 
types: SR-253, Double anode types: SR-254 


Ratings: From 100 ma. to 50 Amps. 


Low forward voltage drop and low leakage 
characteristics make this series ideal for a wide 
variety of power applications. For details re- 
quest Bulletin C-439, (26 volt cells); Bulletin 
SR-160, (45 to 52 volts per cell) and Bulletin 
$R-152, on high current density cells. 


PHOTOELECTRIC CELLS AND SUN BATTERIES 


(Wide range of silicon and selenium types.) 
Self-generating cells available in standard and 
custom sizes, mounted or unmounted. For 
details on wide selection of selenium types, 
request Bulletin PC-649A. Silicon solar cells with 
efficiencies as high as 10%. Designed to rugged 
military specifications. Bulletin SR-275A. 


For bulletins on products described WRITE ON YOUR LETTERHEAD 
to Or PRODUCT INFORMATION DEPARTMENT 


Cc oO R Pa 


international Rectifier 


A i I ce) N 


1521 E. GRAND AVE., EL SEGUNDO, CALIFORNIA * PHONE OREGON 8-6281 


INDUSTRIAL METALLIC RECTIFIERS 


the most widely used 


KEER IT HANDY-.. 


get everything from our largest stocks 
of station gear and electronic supplies— 
immediate delivery at lowest prices... 


gives you every buying advantage 


HIGHEST TRADES: Get the absolute HAM-TO-HAM HELP 

most for your old equipment. Tell us what Our staff of over 30 Amateurs goes all-out to 
you've got and what you want—we'll give you all the help you want. You'll like the kind 
come up fast with the best deal anywhere. of personal attention Amateurs have enjoyed 


at Allied for so many years. Get to know: 
RECONDITIONED GEAR: Large selec- 


tion, new set guarantee. Ask for latest 
list of top reconditioned equipment at 


: W9WHF 
lowest prices. 


Jim Sommerville 
(write to him 


EASIEST TERMS: Available on all orders for that best deal) 


over $20; only $2 down up to $50; $5 : 
down from $51-200; only $10 down from W8CZE 
$201 up; up to 24 months to pay. Extra: ( iC Te anaes) 


15-day trial on all ham gear. 


W9HLA 
Joe Gizzi 
(in the Ham Shack) 


ALLIED RADIO 


100 N. WESTERN AVE., CHICAGO 80, ILL. 


W9BHD 
Joe Huffman 
(in the Ham Shack) 


Harry W. Houck at key of his original 1909 Spark Transmitter 


HIS MORE THAN 50 YEARS 


of Radio Experience Stands Behind 
MEASUREMENTS INSTRUMENTS 


Measurements “FAMOUS FIRSTS” include: 


® First commercial signal generator with built-in tuning motor 

® First commercially produced electronic peak voltmeter 

@ First commercially built pulse generator 

® World famous Megacycle Meter, covering 100 Kc to 940 Mc. 
° 


First commercially successful FM testing equipment designed especially for Mobile 
Communications 


@ And now a completely new concept of frequency measurements 


Write for complete catalog 


| Lebesatey Sant 
MEASUREMENTS 


A McGraw- Edison Division 


BOONTON, NEW JERSEY 


FOR EVERY APPLICATION | 


IMMEDIA TEL Y AVA ILABLE — FROM = TOCK 


Over 1,000 items to cover virtually every electronic supticatiog . 400 Hermetic items, 
proved to MIL-T-27A, eliminate costly test delays. . . . Highest reliability in the field. . 
Immediately available from your local distributor. Write for Catalog. 


And Special Units to UNITED TRANSFORMER CORPORATION 


150 Varick Street, New York 13, N. Y. 


Your Specifications PACIFIC MFG. DIVISION: 4008 Ww. JEFFERSON BLVD., LOS ANGELES 16, CALIF. 


EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: ‘‘ARLAB” 
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SATELLITE SIXTY 
3 Sections 


hen aE @ CRANKS UP AND DOWN @ NO GUY WIRES! 
hee ee aeenco pe cies ney @ PUTS YOUR BEAM WHERE YOU WANT IT 


E-Z Way Tower is tried and proven by 


years of testing and service, @ TILTS OVER FOR EASY ACCESS TO ARRAY 


Continuous diagonal bracing with 


solid steel rod, resists twist and torque the Wender 


caused by constant starting and stop- 
ping of rotor and beam. We refer to this Ground Po st 
as “|TQ’’ (Inert Torsional Quality)..... yy °F 
a built-in feature in every E-Z Way BBS ences 
Tower. 

Design again - Crank Up or Down 
and Tilt Over, also E-Z Way features 
the ‘‘Wonder Ground Post’’’...never re- 
quires concrete...Towers never need 


guys! 


Ground Post* pro- 
vides fast, simple installation with 
emphasis on easy access to beam. 
Unique design eliminates the need 
of concrete, yet requires a hole no 
larger than | ft. in diameter. Ra- 
dial fins placed near ground level 


; ; ; and at lower end of post eliminate 
Structurally sound, built with high any movement when earth is 


tensil strength steel legs....electrical ly tamped firmly around post. The 
arc welded throughout. All towers E-Z Way “Wonder” Ground. Post 


alee OG LY eat Ss remains plumb with tower in any 
PP OAS cE Den eee position. In most cases, guys are 


resistant Goodyear Pliolite S-5. When not required when Ground Post is 
ordering tower, specify make and model used. “Pat. App. For. 


of rotor used, 


THE “CHALLENGER” 40 FT. TOWER 
Maximum height 40 ft.; minimum height 21 ft. Low cost, E-Z Way quality. Accepts light 
beams, ground planes and quads in 60 mph Winds when cranked up, 125 mph winds, 
cranked down, Rotator mounts above top of tower. Mounting stub and heavy-wall 
ealvanized steel mast 1.667 O.D. supplied. Shipping Weight, 155 Ibs, 
E-Z Way Model RBD4OP. Tower only, painted finish, Dip painted, with $9950 
salvanized crank-up cables. Amateur Net = Boat ah eae a 
E-Z Way Model RBD-40G ~Tower only; hot dip galvanized after fahiication, Stainless 
steel crank-up cables. Amateur Net prise : Sa $134.50 
E-Z Way Model GPK-D40—-“Wonder Ground Post” mounting iit for spate fow ers includes 
cables, hardware, tilt winch, and ground post. Post is butamastic coated below $5)°° 
eround (41% ft.); painted above ground (6 ft.). Shpg. Wt., 100 Ibs. Amateur Net _.. 
E-Z Way Mode! BAK-D--Building-attached mounting kit with galvanized hinge base and 
wall bracket; for above towers. Can't streak walls. Shpg. Wt., 8 lbs. Amateur Net $6.75 


THE “MEDALIST FORTY” 41 FT. TOWER 
Maximum height 41 ft.; minimum height 24 ft. Standard duty compares with heavy-duty 
in most lines, moderate cost, h-Z Way quality. Accepts tri-band beams or equivalent at 
11 ft. in 70 mph winds; at 125 mph, cranked down, Accepts CDR ITAM-M mounted inside 
head structure, Heavyy-walled galvanized steel 1.907 O.D. x 7 tt. mast included. Shpg. 
Witte. 235 bs: 
E-Z Way Model RBSAOP-—Tower only; dip-painted finish and galvanized 16920 
crank-up cables. Amateur Net. See ick HARES Bena 
E-Z Way Model RBS40G ee ee ae Kok dip galve dase after fabrication. With stain- 
less steel crank-up cables. Amateur Net $209.50 
E-Z Way Model GPK-S40— “Wonder Ground Post” mounting kit for above towers; includes 
cables, Wardware, tilt winch and ground post. Post Butamastic coated below $7500 
eround (5 ft.); eainted above ground (6 ft.) Shpg. Wt., 150 Ibs. Amateur Net —. 
E-Z Way Model BAK-S40 -Puilding-attached meunting kit for above towers; with 
galvanized hinged base and wall bracket, Can't rust-streak walls. Shipping Weight, 8 Ibs. 


PRIN ACGI RING Gee ae eae eee Coe po ees eae OO 
THE ‘’MEDALIST FIFTY’ 51 FT. TOWER 


Maximum height 51 ft.; minimuin 34 ft, Standard duty (equals heavy-duty for competitive 
products) unit is moderately priced. Accepts tri-band beams or equivalent at 51 ft. in 
winds to 60 mph; 100 mph, eranked down, Accepts CDR HAM-M without modification 
inside head structure. Mast supplied in heavy-wall galvanized steel 1.9077 O.D. x 7 ft. 
long. Shipping Weight, 200 Ibs. 

E-Z Way Model RBS-50P - Tower only; dip painted finish with galvanized ($224: 50 
crank-up cables. Amatenr Neéet.....2-.2...... Pek eae ee tebe, 2p SVE | 


E-Z Way Model RBS-50G —Tower only; hoe depot earned after faurication: stainless 
steel crank-up cables. Amateur Net... SS -. $279.50 
E-Z Way Model GPK-S50— “Wonder Grceand Post” mounting skit for Sanya borhan includes 
cables, hardware, tilt-winch and post. Ground post is Butamastic coated below $Q()00 
eround (5 ft.) and painted above ground (10 ft.) Shpg. Wt., 195 Ibs. Amateur Net 

E-Z Way Model BAK-S—Building-attached mounting kit for above towers has galvanized 
hinge base and wall bracket. Won't streak walls. Shpg. Wt. 11 Ibs. Amateur Net $10.50 


THE “SATELLITE SIXTY” 60 FT. TOWER 


Maximum height 60 ft.; minimum height 25 ft. Puts your beam where you want it. 
Standard duty (conservatively rated), superb construction for towering height, Takes 
tri-band beams or equivalent at.60 ft. in winds of 70 mph; 140 mph cranked down, Accepts 
CDR HAM-M without modifications inside head structure, (Other rotators require special 
order.) Mast supplied is 1.907 O.D. x 7 ft. heavy-walled galvanized steel. Shpg. Wt., 430 Ibs. 
©-Z Way Model RBX60-3P—Tower only; dip paint finish with galvanized $335. .00 
crank-up cables. Amateur Net. Sa ite 

E-Z Way Model RBX60-3G— Tower. only: hot. dip zine ‘galvanized after fabrication; with 
stainless steel crank-up cables. Amateur Net. See Seo ero $410: 00 
.E-Z Way Model GPK-X60-3—‘Wonder Ground Post” mounting ‘kit for above towers 

includes all cables, hardware, tilt winch and post. Ground post is Butamastie coated 
helow ground (6 ft.); painted above ground (8 ft.) Shipping Weight, 195 Ibs. $1 20:°° 
NAAT NUR INC bot Sa re ace ae eae enc ee Aine oe eR ee SO ee ae 


E-Z Way Model BAK-X - Building-attac Rae mounting Ade a ater ioiveke has galvanized 
hinged base plate and wall bracket, Won't strenk walls Shpe. Wt., 14 Ibs. Net $17.00 


ALL HAM TOWERS FREIGHT PREPAID IN USA EXCEPT ALASKA AND HAWAII 


GROUND POST 


ROTOR MOUNTING HEAD 


MEDALIST FORTY 
2 Sections 


#760: 
117 VAC 
Kit 
$59.95 
Wired 


$89.95 


33-00 Northern Bivd., 
Long Island City 1, N. Y. 


TRANSMITTER #723 


seals the ENTIRE. 
h Fcc regulations 


NEW! 60-WATT CW 


Kit $49.95 Wired $79,95 
Ideal for novice or advanced ham 
needing low-power, stand-by rig. 


60W CW, 50W external plate mod- 
ulation. 80 through 10 meters. 


90-WATT CW TRANSMITTER* 
#720 Kit $79.95 Wired $119.95 
*U.S, Pat. No. D-184,776 

“Top auality’’ —- ELECTRONIC 
KITS GUIDE. Ideal for veteran or 
novice. 9OW CW, 65W external 
plate modulation. 80 through 10 
meters. 


~ HIGH-LEVEL UNIVERSAL. 


MODULATOR-DRIVER #730 

Kit $49.95 Wired $79.95 
Delivers 50W undistorted audio. 
Modulates transmitters having 
RF inputs up to 100W. Unique 


over-modulation indicator. Cover 


E-5 $4.50 
GRID DIP METER #710 
Kit $29.95 Wired $49.95 


Includes complete set of coils 
for full band coverage. Continu- 
ous coverage 400 kc to 250 mc. 
500 ua meter. 

EICO, 33-00 N. Bivd., L.1.C. 1, N.Y. 
i Show me how to save 50% on 72 
models of top-quality: [] Ham 
Gear [1] Test Instruments [] Hi- 
Fi (J Send free Short Course for 


Novice License. Send free cata- 
log and name of neighborhood 


to the highes 
Ham standards 


Highly sensitive, seiec- 
tive SUPERHET (not re- 
generative) receiver with 
5 dual function tubes 
and RF stage. Continuous 
tuning over all 23 bands. . 
Excitisive Super-Hush® 
noise limiter. AVC. 3”x5” 
PM speaker. Detachable 
ceramic mike. 5 Watt 
xtal-controlled transmit- 
ter. Variable ‘‘pi”’. net- 


work matches most popu- . 


lar antennas. 12-position 
Posi-Lock® mounting 
bracket. 7 tubes and Il 
xtal (extra xitals avaii- 
able). Covers up to 20 
miles. License available 
to any citizen over 18 — 
no exams or special 
skills required; applica- 
tion form supplied free. 


Antennas optional. 


Additionai crystals $3.95 
each. 


Most EICO distributors 
offer Bude? cobkiowee 


t 


COLOR & MONO DC- 5MC LAB & 
TV 5” OSCILLOSCOPE #460 
Kit $79.95 Wired $129.50 


9” PUSH-PULL OSCILLOSCOPE 
#425 Kit $44.95 Wired $79.95 


PEAK-T0-PEAK 

VIVM #232 & *UNI-PROBE® 

Kit $29.95 Wired $49.95 
*U. S, Pat. No. 2,790,051 
VACUUM TUBE VOLTMETER #221 
Kit $25.95 Wired $39.95 


RF SIGNAL GENERATOR #324 
(150ke-435mc) 

Kit $26.95 Wired $39.95 
TV-FM SWEEP GENERATOR 

& MARKER #368 

Kit $69.95 Wired $119.95 


DYNAMIC CONDUCTANCE TUBE 
& TRANSISTOR TESTER #666 


Kit $69.95 Wired $109.95 

TUBE TESTER #625 
Kit $34.95° Wired $49.95 
Si ~ RAH-61 
[TCL eseee ain, OR AMP br 20 RR UNA ey ald ROR DTS PS Fe = 
Rddress ice ae a ee ee eens g Bite evra pe Ak = 
Cierra wea ZONE, cists. Stateiie eect a 


EICO distributor.Send 36-page Stereo - Hi-Fi Guidebook: 25¢ enclosed for postage & handling = 
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pre-engineered 


HAM 
EQUIPMENT 
CENTER... 


with 
built-in power and 
communication facilities 


Bring your ham shack up to date with 
this modern. bench that’s loaded with 
features. It integrates with the Famous 
Alden Plug-in Packaging System giv- 
ing you, at last, the ideal means for 
housing your home brew equipment — 
making it available for instant servicing 
or adjustment. See how neatly the 
Alden Uni-Rack blends with the hand- 
some styling of this functional unit — 
neatly organizing equipment and cables. 


The basic bench includes a unique 
power channel that safely encloses all 
interconnecting wiring — and contains 
eight grounded outlets with fused “big” 
switch and detachable three wire line 
cord. Has massive 26” x 60” top and 
legs that adjust to comfortable operat- 
ing position. Heavy gauge steel con- 
struction with baked enamel finish. An 
outstanding piece of equipment that 
will never be outdated. 


seneeeg Se STR 


se 
SSStaansconcnonnneneesoeoie 


ee 


Deluxe Station Facility — complete with white 
formica top, vinyl trimmed ends, shelf, two tone 
gray finish, antenna connectors, plus all electrical 
and mechanical features described. Approx. ship- 
ping weight 190 Ibs. F.O.B. Brockton, Mass. 

Part Number 5203-2DSFA 

AMATEUR NET ...... 
Standard Station Facility or Work Bench — com- 
plete with brown masonite top, standard steel 
ends, gray finish, plus all electrical and mechanical 
features described. Approximate shipping weight 
160 Ibs. F.O.B. Brockton, Mass. 

Part Number 5203-2SSFA 

AMATEUR INET: (73 oot, oto oe oe ch clea eee 


OOo aia) Ge De pene, CrONOMe 4" e, 2 yaoi: 6: SL erie, 


ONLY 
413995 


ONLY 
$9995 


If not available at your dealer order direct from factory. 


Write for complete specifications. 


BUILD HOME BREW EQUIPMENT THE ALDEN PLUG-IN WAY — 


Complete Circuit 
Ready for ‘Packag- 
ing’ — Alden’s ter- 
minal card mounting sys- 
tem gives the ham every- 
thing he needs for greater Unit Locks, 
flexibility in laying out and 


wiring terminals, pre- tors. Standard widths 2”, 
punched terminal cards, 
sockets, layout sheets 


7” and 834”. 


For complete list of equipment and prices 
WRITE TODAY FOR ALDEN QUICK ORDER GUIDE: 


D4 


Alden Plug-In Basic 
Chassis — House your 
equipment in Alden’s 
Plug-in Basic Chassis. Extra 
rugged. Includes Serve-A- 


chassis, and back connec- 


4”, 8” and 17". Heights: 


adaptor, for mounting Al- construction 


panel, den Basic Chassis, mounts 
Alden Uni-Racks. Uni-Racks 
furnished in 2 basic heights, 
mobile or stationary. 


in any standard rack, or panel controls. 
in 2, 4 and 8” chassis 
widths. Ideal 


equipment or mobile rig. 


Instrument 


‘’Picture Frame’’ Pre-Engineered 

Rack Adaptor & Case — Portable Instrument 

Alden Uni-Rack — Cases — House Alden Plug- 
‘Picture Frame’’ Rack in Basic Chassis. Rugged, 


with hooded 
styling to protect front 


Available 


for test 


PRODUCTS COMPANY 
184 N. Main St. Brockton, Mass. 


HX-500 | HQ-170 HQ-180 


Advanced design SSB transmitter offer- World’s most popular SSB amateur A fine quality general-coverage, SSB 
ing the best features of all...... $695.00 bands receiver offering outstanding receiver offering commercial perform- 
SOLACHWanmecaten cet neers $359.00 ance at amateur price) c:......:.- $429.00 


HQ-145 HQ-110 HQ-100 

An old favorite (HQ-129) brought up to A low-cost, amateur bands receiver The best buy for a general-coverage, 
date with modern engineering concepts offering operational advantages found quality communications receiver 

$269.00 in receivers costing far more $249.00 $189.00 


(Clock-timer $10 extra) 


Yon after year, Hammarlund models continue to merit the approval of thou- 
sands of radio amateurs throughout hamdom. The beauties shown above dem- 
onstrate the engineering skill and popularity of Hammartund. 

TAhE YOUR PICK! EVERYONE'S A WINNER! 


CH HAMMARLUND fuses 


HAMMARLUND MANUFACTURING COMPANY, INC., 460 W. 34th ST., N.Y. 1, N.Y. 


Established 1910 Export: Rocke International, 13 E, 40th St., N.Y, 16, N, Y. Canada: White Radio, Ltd., 41 West Ave. N., Hamilton, Can, 


De 


Fil. 
Fil. Current Diss. Volt Current 
t Amps. Max. W. Max. Ma., Max. 


Type 


BEAM PENTODES 
PL-172*t 

PL-175A° 

PL-177A* 

PL-6549 


PL-4E27A 
PL-172 Beam Pentode 
i TETRODES 


PL-4D21 (4-125A) Zou 600 
PL-4D21A 225 600 
PL-5D22 (4-250A) 350 800 


PL-4-400A 


| TRIODES 
i (Grounded-Grid Types) 
TS aoe PL-6569 5.0 14.5 250 4000 
PL-5C22/HT-415 PL-6580 5.0 400 4,000 
| 


Hydrogen Thyratron 
es HIGH-VOLTAGE RECTIFIER 
PL-250R 


HYDROGEN THYRATRONS 
(Low-Jitter Types) 


PL-5022/HT415 
PL-161 

PL-165A 
PL-174/6587 


Price 


$135.00 
50.00 
25.00 
25.00 
40.00 


36.00 
37.50 
46.50 
48.00 


37.50 
45.00 


30.50 


36.00 
48.00 
48.00 
48.00 


*Zero-suppressor Voltage Type **Peak Inverse Voltage Rating {External Anode Type 


INSIST ON PENTA TUBES FOR LONG LIFE, HIGH QUALITY 


The reputation of Penta power tubes for uniformly high quality, adherence to specifications, and 
exceptionally long life is the reason major electronic equipment manufacturers, amateurs and 


PL-4E27A Beam Pentode broadcast engineers insist upon them. Exacting quality control and life testing under conditions 


the older conventional types —Penta is your logical source. 


ws 
PL-6549 Beam Pentode ACCESSORIES 


Glass Chimney for PL-4-400A and PL-175A 

Socket for PL-172, including chimney, built-in screen-grid 
and suppressor-grid by-pass capacitors 

Socket for PL-172, including chimney and built-in screen-grid 
by-pass capacitors. Suppressor-grid grounded. 

Plastic chimney, only, for PL-172 


/PL-Cl 
PL-184 


PL-184A 


PL-184 Complete : 
Socket for PL-172 PL-C184 
is sirsncccscassassn 


312 North Nopal Street, Santa Barbara, California 


Sales Representatives in Principal Cities 


PENTA LABORATORIES, INC. 


simulating actual use assure you of maximum performance and durability. Whether your require- 
ments are for the new beam pentodes—for applications where superior linearity and low. distor- 
tion at high efficiency are critical requirements —the new miniaturized hydrogen thyratrons—or 


$ 6.00 
38.75 


38.75 
3.00 


THE 


HAM BAND RECEIVER 


Model 6900 
Amateur Net 


$369.00 


The design and production of communications 
receivers today is considerably different than in 
past years for two principal reasons. Costs have 
risen precipitously; to manufacture a receiver in 
the face of this and keep the price reasonable 
requires good tooling, long runs, and little allow- 
ance for error. Secondly, there are greater 
demands placed on receiver operation than ever 
before, versatility ... handling ease... yes, 
amateurs have come to ask for parameters of 
performance almost unheard of in past years. 


RME in announcing the new 6900 states without 
equivocation that this receiver performance is 
unmatched by anything near its price class. The 
6900 is engineered to give optimum service for 
all modes of amateur communications — not 
merely one. Engineered under the supervision of 
Russ Planck, W9RGH, the 6900 has as many 
advanced pioneering features as its extraordinary 
namesake, the world famous RME69, which 
was the first band-switching communications 


@ CONTROLS: 1112” Single Slide Rule Tuning 
Dial; Logging Scale. 

@ COVERAGE: 80, 40, 20, 15 and 10 on 5 bands 
plus 10 to 11 mc for WWV or WWVH. 

®@ Peak Selectivity plus tunable ‘“T’’ Notch. 

@ Internal 100 ke Hermetically Sealed Crystal 
Calibrator. 

e 500 and 4 ohm Outputs. 

@ Noise Limiter for SSB and CW, AM. 

@ Separate Detector for Single Sideband. 

@S Meter Calibrated in 6 db Steps Above S9 for 
Better Reading. 


See your RME distributor or write to 


AME Gall 


RME §900 


iS qn 


receiver ever produced — over 20 years ago and 
still widely used today. 


What makes the 6900 so Hot? First, meticulous 
attention to details so that every circuit is per- 
forming in an optimum manner. Second, an 
ingenious function selector, the Modemaster. 
Every circuit in the 6900 is designed to provide 
high selectivity; frequency stability, sensitivity 
and low internal noise. Finally, inclusion of all 
function controls necessary for a modern 
communications receiver... Vernier control knob 
with overide clutch for fast tuning; RF gain; 
AF gain; antenna trimmer; band selector, 
stand-by /receive/calibrate/transmit; ANL; T- 
notch filter; calibrate adjustment; band selector. 


Whether you operate CW; SSB; or AM, you 
will have the almost uncanny feeling the 6900 


‘was designed solely for you — this is the test of 


a modern communications receiver that we 
believe only ours can meet on the operating desk. 


@ Improved Fast Attack AVC Circuit. 
@ Selectable Sideband. 


@Panel of Attractive Grey “Clad-Rex” Vinyl 


Bonded to Aluminum with Charcoal Trim. 


© Front Panel Controls Re-Grouped for Ultimate 
Operating Ease and Convenience. 


@ SENSITIVITY: 1 mv. 30% Modulation for 100 


mw output. 
@S-N-R: 10 db at 1 mv Inpuf, 
@ SELECTIVITY: 500 cps, 6 db down, in CW mode. 


Dept. RAH-61, BUCHANAN, MICH. 


oy 


WORLD'S LEADING MANUFACTURER OF HIGH SPEED MORSE TELEGRAPH EQUIPMENT 


MODERN 
EQUIPMENT 


FOR LEARNING CODE 


Operates from tone fre- 
quency signals or direct 


by Morse Key. Especially 
designed for training pur- PERFORATORS 


poses. TRANSMITTERS 
INKERS, ETC, 


“HOW TO LEARN MORSE” 


Booklet describing 


Morse training. 


Write for free copy 


fdeal for learning Morse 
code, permitting inserlion 
of extended pauses be- 


ween letters and words, 


TELCOLAB CORPORATION 


CHRYSLER BUILDING 
NEW YORKIJZ, N.Y. 


U.S, Representatives of: 


sh GREAT NORTHERN TELEGRAPH WORKS, COPENHAGEN, DENMARK, 


S $5 Distributors of Canada: TMC Canada Limited, R.R. No. 5, Ottawa, Ontario. 


DIO SHACK’S 


; 


LOAD BUYING” 


Radio Shack carries the complete line of Hallicrafter's receivers 
and transmitters for their amateur radio customers. 


e BEST TRADES 


Radio Shack's tremendous volume allows us to give the "Biggest 
Trades" in the electronic equipment industry. 


e BEST TERMS 


Radio Shack's Easy Budget Plan lets you spread your cost over 
18 to 24 months, with low payments of $2 to $24 monthly. 


Choice of The Following: 


BaspXais | Sa8e | Recever | $2007 | $800 | $ 59.98 | 
esate SN Recnieem [| too fans fe a9 | 
a5DX349_|_HT-37 | Transmitfer_| 10.00 | _21.00_| 450.00 
| 45DX322 | 


SHOT | Receiverse | 725.008 = 4) en 5.00 LS 94.95 
Suda. | Receivers Po Mewns.o0 <r [700.71 128.95 5 
P45px3z4 | sx-l10 | Receiver [5.00 | 7.50 | 159.95 


“GIANT TRADES! ‘rent 
NOW 5 STORES | RADIO SHACK CORPORATION, Dept. R61 
i 
RADIO SHACK | teem tesestenc™ 
: 
: 


| 
| 
| 
| 
| 
I 
O Send : 
| 
i 
| 
| 
| 
| 


730 Commonwealth Avenue, Boston 17, Mass. 


167 Washington St., Boston 8, Mass. 


Name 


730 Commonwealth Avenue, Boston 17, Mass. 
230 Crown St., New Haven 10, Conn. 
29 High Ridge Road, 


Address 


Stamford, Conn. cata Zone State 
39 So. Main St. OO Check 0 M.O. =) CO:D 
West Hartford 7, Conn. Be, seks SB Se eS ee oa ee ee ee ee ae 


nothing 
up this sleeve... 
but plenty in reserve 


No magic, no secrets, no foolin’. Conserva- 
tively rated Sylvania small power tubes have 
plenty in reserve, the kind of “reserve” that SOPULAG eVLVANIA‘SiMALL POWERIEEEES 
provides long-life expectancy and reduced MAXIMUM PLATE DISSIPATION (CCS) WATTS 
maintenance time requirements, gives max- 
imum assurance of on-the-air continuity. 
Your Sylvania Industrial Tube Distributor 
has plenty up his sleeve... one of the most 
comprehensive lines of tubes available for 
broadcasting stations, amateur and commer- 
cial rigs. No hocus-pocus, try SYLVANIA 
SMALL POWER TUBES and see the im- 
provements for yourself! Electronic Tubes 
Division, Sylvania Electric Products Inc., 
1740 Broadway, New York 19, N. Y. 


Values given are for Class C oscillator, 
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mplifier 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS 
60 


ix MOBILE-RADIO 
MAINTENANCE 


Get into this rapidly growing 
field with 2nd Class Ticket and 


LAMPKIN MOBILE-SERVICE METERS 


point CW. a 


nal alignment. 


JUST THESE TWO METERS—WITH NO ADDITIONAL CRYSTALS OR FACTORY ADJUSTMENTS— 
WILL CHECK FREQUENCY AND FM MODULATION ON HUNDREDS OF TRANSMITTERS. 
LAMPKIN METERS ARE PREFERRED TEST EQUIPMENT—BY MUNICIPALITIES, 46 OUT OF 
50 STATES, BY MOST 2-WAY RADIO MANUFACTURERS, AND BY THOUSANDS OF INDEPEN- 
DENT MOBILE-SERVICE ENGINEERS. 


NEW... THE PPM _. METER AN 
ACCESSORY FOR THE TYPE 105-B . . 
ACCURACY BETTER THAN 0.0001%, AMPLE 8=—r_s|Ws oa 
FOR SPLIT-CHANNEL FREQUENCY CHECKS. 


ie BOONE A ALU (OCIS yin SS ee aed 


and figures—send for “HOW TO eld enanieeaen 
MAKE MONEY IN MOBILE- | Papin pte ey Inc. 
RADIO MAINTENANCE”. | Bradenton, Florida 


At no obligation to me, please send 


MAIL COU PON TODAY I : (1 “How To Make Money in Mobile-Radio Maintenance!” 


' [] Technical data and prices on Lampkin Meters 


LAMPKIN LABORATORIES, INC. Bie 


BRADENTON, FLORIDA Address 


ye ee ONO State 


kills 
i t fit 

@ t e 6 

G-E Two-Wa 

Charles M. Dibrefl, WSBLW, of Ardmore, Oklahoma has 
been a ham since 1929, and now works the 2 and 80 meter gS & 
bands. With his father, C. C. Dibrell, he started a G-E 
Service Station 7 years ago known as Dibrell Radio Service. 0 


Mr. Dibrell uses his amateur radio experience in selling and 
maintaining two-way radio systems, as shown by his com- 
manding position in the Ardmore area. 


Thousands of new mobile radio systems are being installed every year— 
for delivery services, salesmen, taxis, gas and electric utilities, industrial 
and construction vehicles, and many other uses. All these systems require 
service — service your unique background and knowledge can be easily 
adapted to provide. 


Servicing two-way radio can be a full-time vocation, or a profitable 
sideline. Many highly successful General Electric mobile radio service 
stations were founded by licensed radio amateurs, and many now utilize 
the skills of hams such as yourself on a part-time basis as well as full-time. 
Working in an authorized G-E Service Station is also an ideal way in 
which to prepare for the second or first class Commercial Radio Operator’s 
license, required for commercial mobile radio servicing. 


G-E two-way radio equipment is designed and built with the serviceman 
in mind. General Electric’s famous Progress Line, for example, features 
interchangeable rack-mounted transmitter, receiver and power supply for 
fast servicing. G.E.’s new line of transistorized portable and mobile equip- 
ment offers even greater service advantages. 


Find out how you can become an authorized G-E serviceman. 
Write National Service Manager, General Electric Company, Com- 
munication Products Dept., Section 31, Mountain View Road, 
Lynchburg, Virginia. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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AUTHORIZED 
DISTRIBUTORS 


HARVEY 


RCA Tubes and Harvey Service... 
For Double Dependability! 


HARVEY’s line of RCA tubes is so complete, that HARVEY 


can fill virtually any requirement... right from stock ... and 


deliver at almost a moment's notice. 


This is particularly important to AM, FM, and TV Broad- 
casters, Industrial and Commercial users, Amateurs, and 
Service-Technicians, all of whom depend on tubes for sus- 


tained operation of important electronic equipment. 


Write, Wire or Phone for 


HORNS SES NI 


Visit Harvey’s New Ham Ra- 
dio Center. The latest and 
best in ham gear is always on 
display. 
RADIO COMPANY, INC. 
103 West 43rd St., New York 36.N. Y. 


With SPRAGUE CAPACITORS and RESISTORS 
you build reliability into your equipment! 


BLACK BEAUTY® TUBULARS 


Dual dielectric (Mylar® and 
paper), combines best features 
of both. Solid impregnant, noth- 
ing to leak or drip. Molded 
case. Withstand high tempera- 
tures, high humidity. 


ORANGE DROP® TUBULARS 


Dual dielectric (Mylar® and 
paper), with solid impregnant. 
Double dipped in epoxy resin. 
Radial leads, ideal for printed 
wiring boards. Outperform all 
other dipped tubulars. 


TWIST-LOK® ELECTROLYTICS 


Hermetically sealed in alumi- 
num cans. Withstand high tem- 
peratures (85°C), high surge 
voltages, high ripple currents. 


ATOM® ELECTROLYTICS 


Tiny, dependable tubulars. 
Have low leakage, long shelf 
life. Metal case construction 
with outer Kraft tube. 


OIL CAPACITORS 


For transmitter 
power supplies 
and other high 
voltage applica- 
tions. Hermeti- 
cally sealed in 
rugged metal 
cans. Oil-im- 
pregnated, oil- 
filled. High in- 
sulation re- 
sistance. 


“POSTAGE-STAMP” MICAS 


Silvered (+5% cap. tol.) or 
standard (+20% cap. tol.). 
Carefully-selected, electrically- 
graded raw mica assures max- 
imum quality. 


SCREWBASE 
OILS 


Cylindrical 
screwbase can 
for easy single 
hole mounting. 
Oil-impreg- 
nated, oil-filled. 
Small-size, will 
fit tight spaces. 


TRANSMITTING MICAS 


Voltage ratingsto 2500 W VDC, 
5000V Test. R-F current tested 
before and after molding. 


For complete data on these and other Sprague components, get 
Catalog C-613A from your Sprague Distributor, or write to 


Sprague Products Company, North Adams, Massachusetts. 
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CERA-MITE® CERAMICS 


Silvered flat-plate design for 
high by-pass efficiency, high 
self-resonant frequency. Tough 
moisture-proof coating. Avail- 
able in general application, 
high-K, temperature-stable, and 
tem perature-compensating 
types. 


BUTTONHEAD CERAMICS 


Flat-disc capacitor element 
sealed in top of hex head for 
easy screw-mounting. Low self- 
inductance, high self-resonant 
frequency. Available for by-pass 
or feed-thru application. 


HYPASS® CAPACITORS 


Exclusive 3-terminal feed-thru 
units which effectively by-pass 
vhf currents. Suppress TVI 
from transmitters, diathermy, 
line-conducted radiation, etc. 


KOOLOHM® RESISTORS 


Insulated shell power resistors 
wound with ceramic-insulated 
wire. ‘““Tropicalized”’ for com- 
plete moisture protection. Avail- 
able in ratings to 120 watts in 
inductive and non-inductive 
types. 


SPRAGUE 


THE MARK OF RELIABILITY 


\ 
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LATE RECONDITIONED EQUIPMENT 


With nearly SOO items continually in stock, and 
a turnover of nearly 500 pieces each month, World 
Radio offers the Economy-Minded the finest in used 
gear, sent to vou in ‘‘like factory new’’ condition. 
Incidentally, this large turnover allows us to offer 
the Nation’s best Trades, too. c 


allicrafters 


St. Comes Bt eee rec S 


map measures 28x36”’ 
shows eall areas, time 
; : monitoring stations 
ee Bs Se major towns and_ cities 
ee gee, eee includes a WAS Check List 
: WORLD RADIO? oe will grace the wall.of any 

| LABORATORIES ; Ham Shack 


WORLD RADIO LABORATORIES HB61 


3415 W. BROADWAY @ PHONE 32 8-1851 @ COUNCIL BLUFFS, IOWA 


PLEASE RUSH ME [] YOUR FREE CATALOG...AND COMPLETE INFORMATION 
ON THE sc ik CCCCCCéENULOSED C1 IS G50 FOR YOUR RADIO 


REFERENCE MAP ... PLEASE SEND [] RECONDITIONED EOPT. LISTS. 


NAME: CALL 


POORESS sc LC ll LC lI:  SIATE: 


You Asked For It...Here It Is! 


COSMOPHONE “ 


A A Self-contained 1 KW Transmitter-Receiver 


A A True Table-top Station with NO Sacrifice 
of Performance 


SPECIFICATIONS 


TRANSMITTER 


INPUT: Full 1 kw on Voice Peaks (Meters Read 2500 V 

at 400 ma) into a pair of 4 x 300 A’s 

UNWANTED SIDEBAND: 42 db down 

DISTORTION (SSB): Third order products approx. 32 
db down 

FREQUENCY STABILITY: Drift less than 100 cycles 


CALIBRATION: Built-in 100 kc marker | 
AUDIO CHARACTERISTICS: 200-3100 cps 


MIKE INPUT: High impedance 

VOX: Built-in 

LEVEL: Automatic level control he ; 

METERING: Screen, plate, and grid current, plus RF 
output 

RF OUTPUT: 52 ohms 

VFO’s: Dual VFO’s permit transmitting on the receive 
or any other frequency 

CONTROLS: Vox, Qt, ALC, Grid Tuning, Plate Tuning, 
eu Loading, Audio Gain, Band Switch, Meter 

witc 


A Product of 


ee 


COSMOS INDUSTRIES, INC. 
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“The COSMOPHONE 1000’’—a complete Station, Receiver, and Transmitter. 
Dimensions: 17 inches wide, 12 inches high, and 15 inches deep. 

Power Supplies packaged separately, can be placed under operating desk. 
Price: ‘The COSMOPHONE 1000" with Power Supplies... 


RECEIVER 


SENSITIVITY: 1 microvolt for 6 db S/N 

SELECTIVITY: 3.1 kc mechanical filter plus a T-notch 
filter 

STABILITY: Drift less than 100 cycles froma cold start 
at room ambient 

sTUNING KNOBS: Coarse gear ratio of 20:1, fine gear 

ratio of 100:1 gives a 1 ke dial reading per division 

CALIBRATION: Built-in 100 kc marker 

IMAGE AND IF REJECTION: Better than 50 db 

AUDIO DETECTOR: Balanced detector for SSB and CW, 
diode detector for AM 

MODE SWITCH: Selects up or low SSB, or up low AM, 
or CW 

DUAL RECEPTION: Two VFO's permit reception of any 
two frequencies on one band with the flick of a 
switch 

BFO: Crystal controlled 

METERING: S-meter 

CONTROLS: T-notch filter, audio gain, RF gain, antenna 
trimming, tune selector, phone jack, tune A and B 


- $1,550.00. 


For additional information and dealer nearest you, write Dept. RAH-6] 


31-28 QUEENS Sides | 
Long Island City, N. Y.° 


—— 1. I os . 
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HENRY gels th 
you get the wo 


Low Terms 


Long Trades 


Complete Stocks 


Low Prices 


100% Satisfaction 


if it’s Shown 
In This Handbook 


Henry 
Has It! 


o new equipment First 
rid's best Terms! 


You get the best terms anywhere because Henry finances all the 
terms with his easy time payment plan. 10% down (or your 
trade-in accepted as down payment), 20 months to pay. 


Henry wants to trade and he trades big. YOU get truly liberal 
allowances on your equipment. Tell us what you want to trade. 
We also pay cash for used equipment. 


Henry has everything in the amateur equipment field, new or 
used . . . transmitters or receivers, and Henry has the NEW 
equipment FIRST. 


Henry’s large purchasing power means low prices to you. You 
just can’t beat our wholesale prices. 


Henry gives you a guarantee of “100% satisfaction” or your 
money back at the end of a 10 day trial. 


Write, wire, phone or visit any one of these three stores today. 


BRadshaw 2-2917 Va 
11240 West Olympic Blvd. Los Angeles 64 my] 


Henry Wir)-lfee- ela 


Butler 1, Missouri Bob Henry, 


W@ARA 
Phone 395 


Ted Henry 
W6U0U 


AND NOW — a new third store: 931 No. Euclid, Anaheim, Calif. 
“‘World’s Largest Distributors of Short Wave Receivers.’’ 


RHEOSTATS 


you build reliability into your product | 


OR MITE 


RESISTORS 


RELAYS 


TAP SWITCHES 


TANTALUM 
CAPACITORS 


VARIABLE 
TRANSFORMERS 


GERMANIUM 
DIODES 


RHEOSTATS—Insure permanently 
smooth, close control. All-ceramic, 
vitreous-enameled: 124, 25, 50, 
75, 100, 150, 225, 300, 500, 750, 
and 1000-watt sizes. 


OHMITE RELAYS—Four stock mod- 
els—DOS, DO, DOSY, and CRU, 
in 67 different types, two of which 
are enclosed. At 115 VAC or 32 
VDC, noninductive load, Models 
DOS and DOSY have a contact 
rating at 15 amp; Model DO, 10 
amp; Model CRU, 5 amp. Wide 
range of coil operating voltages. 


TANTALUM CAPACITORS — Units 
ore available in three types: sub- 
miniature, insulated, wire-type, in 
13 sizes. All 5 MIL sizes of foil- 
type. Four sizes of slug-type tanta- 
lum capacitors. All feature high 
performance in minimum space 
and a wide range of capacitance 


rated 600 ma; others, 1000 ma. 


when you specify Ohmite component 


ES 


POWER RESISTORS—Wire-wound, 


vitreous-enameled resistors. Stock 
sizes: 25, 50, 100, 160, 200 watts; 
values I to 250,000 ohms. ‘Brown 
Devil" fixed resistors in 5, 10, 
and 20-watt sizes; values from 0.5 
to 100,000 ohms. Adjustable pow- 
er resistors; quickly adjustable to 
the value needed. Adjustable lugs 
can be attached for multitap re- 
sistors and voltage dividers. Sizes 
10 to 200 watts, to 100,000 ohms. 


R. F. CHOKES — Single-layer- 
wound on low power factor cores 
with moistureproof coating. Seven 
stock sizes, 3 to 520 mc. Two units 


BE RIGHT WITH 


TAP SWITCHES—Compact, high- 
current rotary selectors for a-c 
use. All-ceramic. Self-cleanin: 
silver-to-silver contacts. Rated 

10, 15, 25, 50, and 100 ampere 


PRECISION RESISTORS——Four 
types available: molded silicone 
ceramic, vacuum-impregnated, en-_ 
capsulated, or metal film. Toler 
ances to + 0.1% in Ye, %, 
%, \, and 2-watt sizes, from “ 
to 2,000,000 ohms. 


ve TRANSFORMERS—Mo - 
el VT2, 1% amp rating, output 
yieoe. 0-120/132V; Model V 

3% amp rating, output tage 
0-120/140V; Model VT8, 71, amp. 


rating, output voltage 0-120/ 
Model VT20, 20 amp rating, ou! 
voltage, 0-120/140V. Also 36 vO 
units. Input voltage all m 


120V, 60 cycles. Thirty-nine stock 


and voliage ratings. models, cased and uncased. 


OHMITE MANUFACTURING COMPAN 


OH MITE 


Write for Stock Catalog 


+4608 Howard Street, Skokie, Milpoig : 


Amateur Accessories 


always available at ARROW 


TX-86, ONE OF THE 
MOST VERSATILE HAM 
XMTRS EVER MADE 


90 W. CW, 90 W peak Phone 
80 through 6 meters, easily adjusted 
‘for novice use 
Mobile or fixed use, size: 5’ x 7” x 7” 
Xtal controlled or can take VFO 
_ Final 6146 runs straight through on 
all bands 


Pi-net output ckt, TVI suppressed 


Complete kit, 95 
BHOCIRVMOCOL Sail osc scedecck yincvsvecscosncataes cov cab altodunsesrerstvscvueokeesues $84 
Wired & tested, 95 
BD OCIL Sr Or OF SE Ver th coae sc adsessoccyacestacsscuesdussesaractesesecesooasesacenccas $1 09 


MODEL PS-3 AC POW. SUPPLY FOR TX-86 
Completely wired and tested 


AC-1, NOVICE 


CW XMTR 

Xtal controlled for 40 and 80 
meters CW / 

Pi-net output ckt, TVI sup- 
pressed 

Includes heavy duty AC Power 
Supply 

15 w. input; 6V6 osc., 6X5 


rect. 


Mod. AC-1! complete kit 


PRAT ee IN ie oa rea scosstecutessedngoibsacivenerussscsdbesheahescsunecaen 
MOREE A TCOLE KI tcl OL OCNECL: DANG -cizse..:occssaogss sos dessnvoninscandeokeresepatessous $.75 


2 & 6 METER CONVERTERS & POWER SUPPLY 


Features included on both models: 
Crystal Controlled 
RF Rejection: over 70 db spurious & image 
Gain: over 30 db 
IF Rejection: over 100 db 
Noise Figure: better than 4 db 
Tube Lineup: 2 meter Converter has new, imported 6ES8 high 
gain, low noise, cascode lst RF Amp., 6U8A 2nd RF Amp. & 
Mixer, 6J6 Osc.—Multiplier. 
6 meter Converter has 6BS8 Cascode RF Amp and 
6U8A Mixer and Osc. 6 meter 2 meter 
: Model Model 
Converter complete with tubes and xtal 
for 7-11 or 14-18 me. IF output in CB-6 CB-2 
Kit form with instructions $19.95 $23.95 
Wired and tested $27.50 $33.95 


Kit or Wired models for any other output 


frequencies (30.5-34.5 mc, 28-30 me, etc.) $1.00 extra 
Power Supply for CB-6 or CB-2 

RUM SeT IC Tele oe inv is et ee . $10.50 
Mog PS-1W- Wired and: Tested: oh. .ccccssssecsessevecarsssostencaccussis: $11.50 


ARROW/ ELECTRONICS 


65 Cortlandt Street, New York 7, N. Y. e Digby 9-4730 


LEARN CODE & THEORY FAST 


No. 1—Junior Code Course. Consists of 10 recordings (alphabet 
through 74% W. P. M.). Includes typical FCC type code exams. 
Free instruction book on learning how to send and receive code the 
simplest, fastest way; plus charts to check your receiving accu- 


BRCY plus leatherette bound album. $e95 
100-01 Junior Code Course—78 rpm. Net Each...... 

No. 100-45 Junior Code Course—45 rpm. Net Each..... $5.95 

No. 100-33 Junior Code Course—33 4 rpm. Net Each... 4.95 


No. 2—Senior Code Course. Includes everything in No. 1 course 
plus 12 more recordings (alphabet through 18 W. P. M.), plus 
typical FCC type code exams for General Class and 2nd Class 
Commercial telegraph licenses. Includes album. $ 50 
No. 101-01 Senior Code Course—78 rpm. Net Each. 

No. 101-45 Senior Code Course—45 rpm. Net Each. $1 O. ae 
No. 101-33 Senior Code Course—33\% rpm. Net Each. 50 
No. 3—Complete Radio Theory Course. A complete, simplified 
home study theory course in radio covering the novice, technician, 
conditional and general classes—all under one cover—with over 
400 typical FCC type questions to prepare for license examination. 
No technicai background required. $995 
No. 102-01 Radio Amateur Theory Course—Net Each... 

No. 4—Advanced Code Course. Prepares novice operators for the 
amateur general class and second class commercial license tests. 
Contains 12 recordings (8 through 18 W. P. M.) plus a complete 
code book; plus typical FCC code examinations for general and 
commercial tests. S$E95 
No. 103-01 Advanced Code Course—78 rpm. Net Each... 

No. 103-45 Advanced Code Course—45 rpm. Net Each...$4.95 
No. 103-33 Advanced Code Course—33}4 rpm. Net Each. 4.95 


TRANSISTORIZED CODE PRACTICE 
OSCILLATOR AND MONITOR 


Serves as code practice osc. and phone-CW 
monitor without making any changes. Builds 
into small 2-piece satin finish copper case. 
Power required: 2 Eveready 7/912 cells. 


PPPTTTESITELETI TITER Tee ee eee 


CODE PRACTICE OSCILLATOR, KITS 


Available in kit or wired form. Produces 2 
pure, steady tone without clicks or chirps. 
Will handle a large number of headphones or 
keys. Converts easily to an excellent CW mon- 
itor. Variable tone control and volume control. 
ee 4” speaker. Operates on 110 volts AC 
or . 


Ameco No. CPS-KT— Kit, including tubes. Net Each. .$13.75 
Ameco No. CPS- WT— Wired, with tubes. Net Each.... 14.95 


MAK 4A KK MAN 


AUTHORIZED DISTRIBUTORS OF 
ELECTRONIC PARTS & EQUIPMENT 


Arrow's Export Dept. 
Ships To All Parts Of The World 


Trade-ins Welcomed 


Your old equipment is worth 
money at Arrow, Get Arrow’s 
deal before you buy. 


525 Jericho Turnpike, Mineola, N. Y. e Ploneer 6-8686 


we're trading altels at Newark 


Your old gear brings top 


& 
dollar a you trade for allicratte rs 


2 GREAT NEW KITS 


HT-40K. TRANSMITTER KIT 


Excellent CW and AM performance. Full band switching, 80 
through 6 meters. Unit is fully metered, TVI filtered. Maximum 
DC power input: 75 watts. Power output’in excess of 35 watts 
CW, 30 watts peak AM phone. (AM slightly less on 6 meters). 
Frequency bands: 80, 40, 20, 15, 10 and 6 meters. Built-in AM 
modulation. Perfect match for SX-140K in styling and band 


Now Available... 


coverage. 
S8F070,. Kit: NETe oe a ae $79.95 
OSFO7 TS Wired NET nnd cata csscecssies acto 99.95 


SX-140K. RECEIVER KIT 


Complete coverage of all amateur bands 80 through 6 meters, 
with extremely high sensitivity and sharp selectivity. Has RF 
stage, S-meter, antenna trimmer and XTAL calibrator. Tuning 
ratio is 25 to 1. Built-in Crystal Oscillator Circuit for IF alignment; 
Electrical Calibration Reset; Automatic Noise Limiter. Matches 
HT-40K Transmitter in styling and size. 

O8FO72.°— Kit, NET csen ns chaicmeeeeee $ 94.95 
S8F073.. Wired, NEV .3. 0 sacchari ee 


And...Get Newark's Top Dollar Trade on these two favorites or any unit 
in the Hallicrafter line, completely assembled, factory wired and tested. 


SX-101A. 7 BAND AMATEUR RECEIVER 


Covers 80, 40, 20, 15 and 10 meters plus converter input band 
for 6 and 2 meters. One microvolt or less on all bands. Dual 
conversion, upper-lower side band selection. Tee-notch filter, 
full gear drive from tuning knob to gang condensers. Separate 
AM and SSB-CW detectors. 50/60 cps. AC power supply. 

OSF03/.7: NEL. ea ee eee $399.50 


SX-100. GENERAL COVERAGE AND AMATEUR RECEIVER 


4 band communications receiver incorporating temperature 
compensation of the HFO circuits and crystal control of second 
conversion oscillator. Band spread calibrated for 80, 40, 20, 
15, 11 and 10 meters. Gear driven dials; 50kc selective i-f 
system plus tee-notch filter. 50/60 cps. AC power supply. 
98F034. NET... ..$295.00 


FOR THE BEST IN TRADE-INS, WRITE HAM SHACK, CHICAGO 


FREE! 


Newark’s All-New Cata- 
log No. 71! See the very 
latest in Ham Equipment 
featured in Newark’s ex- 
tensive stock! Order your 
copy today! 
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ELECTRONICS CORPORATION 


223 West Madison Street ® Chicago 6, Illinois 
STate 2-2944 e TWX: CG 1401 


4747 West Century Boulevard © — Inglewood, California 
ORegon 8-0441 © ORchard 4-8440 + TWX: INGL 4043 


Write Dept. HB-61. 
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VIBROPLEX 7] 


THE PIONEER AND ALWAYS THE LEADER 
WORLD’S NO. 1 KEY 


SEMI-AUTOMATIC 


Never fires the arm 


Never upsets the nerves New Super DeLuxe 


VIBROPLEX 


Presentation 


"*PRESENTATION”’ 


The Super DeLuxe model’s JEWEL 
MOVEMENT completely revolutionizes 
sending. Makes it easy for every operator. 


It has SUPER-SPEED CONTROL 
Mainspring; you go from slowest to high- 
est speed without changing weights. 


Vibroplex has TOUCH CONTROL, ad- 
justable to your individual desire. 


Vibroplex has FIRM STANCE, a very 
important itein. The rubber feet are so 
placed the key stays in position. 


ee BUG”’ 


RICHLY DESIGNED — 24k gold- 
plated base top, polished chromiuin ma- 
chine parts, red trim and jeweled move- 
ment. DeLuxe, only $29.95. * 


24-K 
Gold-Plated 
Base Top 


ALL LABOR TAKEN OUT OF SENDING 


SEND BETTER — Vibroplex SEND FASTER — Vibroplex 
makes uniformly good signals at gives you greater speed. More 
any speed. They are sharp and easy speed than you can ever use. But 
to read. You will like them. it’s there if you need it. 


SEND LONGER — Vibroplex 
keys last longer. Many keys are 
still in use after 30 or more years. 
Nothing to get out of order. 


SEND EASIER — Vibroplex is a 
perfectly balanced key. You are 
relieved of all nervous and muscu- 
lar tension. 


Vibroplex Lightning Bug 


Improved design with slotted weights that 
can’t work loose. A bridged damper frame 
that protects key against damage. In- 
stantly adjustable dot contact spring may be 
removed without disturbing speed weights. 
Precision machining, trouble proof and ad- 
justable to any speed. Standard, with cir- 
cuit closer, gray base and chrome top 
parts, priced at $18.95. DeLuxe model, 
priced at $22.95.* 


Replace your old-fashioned key with 
all its annoyances with an improved 
NEW VIBROPLEX. Enjoy sending 
as never before. Choose yours from 
those illustrated here. 


“VIBRO-KEYER”’ 


Vibroplex Original 


Praised by its many thousands of satisfied 
users for ease of operation, sharp, clear sig- 
nals and all around excellence. They are 
precision machined and trouble proof. A 
strong favorite of the elite. Standard, with 
circuit closer, chrome top parts and gray 
base, $19.95. DeLuxe, with red trim, jewel 
movement and polished chrome base, $23.95, 


Vibroplex Blue Racer 


A duplicate of the Original Vibroplex except 
for being only half the size, weight 2 Ibs. 8 
ozs. Does the same fine work as the larger 
models. Standard, with circuit closer, chrome 
top parts and gray base, $19.95. DeLuxe, 
with chromium base and top parts, red trim 
and jewel movement, priced at $23.95.* 


Avoid imitations! 
The **‘BUG”’ Trade Mark 
identifies the 
Genuine Vibroplex. 
Caen Accept no substitute 


Supplies the answer to many years of re- 
quests for Vibroplex parts for a keying mech- 
anism in constructing an electranic transmit- 
ting unit. Features a beautiful beige colored 
base, size 3144” by 414”, weighing 234 Ibs. 
Same large contacts, main frame and super 
finished parts as the DeLuxe . Vibroplex. 
Colorful red finger and thumb pieces and 
smooth easy operating trunion lever. A real 
beauty, adjustable to suit your requirements. 
Priced at only $15.95. 


Cord and wedge, $1.75 additional 


NEW SPECIAL ENLARGED Edition 
of PHILLIPS CODE, $2.75 Postpaid 


United States Time Chart 
Commercial ‘‘Z’’ Code 

Aeronautical ‘‘Q’’ Code 

Abbrevia- 
interna- 
tional wire, submarine 
cable and radio telegraph 


Also includes: 

Radio Code Signals 

International Morse 

American Morse 

Russian, Greek, Arabic 

Turkish and Japanese 

Morse Codes 

World Time Chart circuits. 
Get your copy today! 


Miscellaneous 
tions. Used 


Prices subject to change without notice 


Vibroplex 
Carrying Case 


Keeps key like new. Black 
simulated morocco. Flexible 
leather handle. Protects key 
against dust, dirt and mois- 
ture. Insures safe-keeping 
when not in use. With lock 
and key, $6.75. 


Every Vibroplex key has 
3/16 contacts and is 
available for left-hand 
operation, $2.50 extra. 


THE VIBROPLEX CO., Inc., 833 Broadway, New York 3, N. 


W. W. ALBRIGHT, President 


IF YOU SEND YOU SHOULD USE THE VIBROPLEX 


PANORAMIC 


... proven performers for 


amateur, laboratory and production use 


SSB-3a 


single sideband 
whectium analyzer 


2 mc—40 mc. 100 cps— 40 mc with Optional REC-1. 


Set up, adjust, monitor and trouble shoot SSB and AM transmitters and 
receivers ... with one convenient, compact and comprehensive pack- 
age. Uniform sensitivity over entire range. 

Quick, accurate measurement and display of 

@ 2-Tone distortion tests ® Vestigial carrier amplitude 
@ Dynamic transmission bandwidth ® Out-of-band radiations, etc. 
® Residual hum sidebands 


i Measurement theory and applications are discussed in THE 
PANORAMIC ANALYZER. Get on our mailing list for this free, 


helpful publication. 
PANADAPTORS 


for use with communications receivers having IF’s from 455 kc through 
4 30 mc. Panadapter resolution capabilities: to 50 cps. 


i PANADAPTORS provide 
1, Continuous monitoring to find & analyze interference (splatter, harmonics), 
rf parasitics, intermittent, irregular and off-frequency transmissions, 
2. Tuning aid for SSB and telemetry signals. 
: 2 models, SA-8b and SA-3, in many types. 
Please specify receiver IF when inquiring or ordering. 


Improved Model PR-1 Panadaptor for hams. 
- 3’ CRT. Compensation adjustable to your receiver. 


‘ PANALYZORS 


Low cost RF spectrum analysis to 1000 mc (higher with external mixers). 


® Analyze AM, FM, SSB transmitters 
® Investigate pulsed RF signals 
® Spot spurious oscillations and modulation 


3 models, SB-3, SB-8b, and SB-12a, in many types for narrow and broad band 
monitoring ond analysis. 


Write today for detailed specifications and applications of these versatile, economical 
Panoramic instruments... and NEW CATALOG DIGEST. 


th 
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Attractive professional career opportunities available, 


| PANORAMIC RADIO PRODUCTS, INC. 


576 So. Fulton Ave., Mt. Vernon, New York 


' OWens 9-4600 @ TWX: MT-V-NY-5229 
Cables: Panoramic, Mt. Vernon, N. Y. State 


dependable 


CERTIFIED 


Panoramic 


RADIO PRODUCTS, INC, 


for accurate 3 
data 4 


NORTHERN 
CALIFORNIA'S 


FOCAL 
POINT 


for the newest and 


Sa 
for the radio be 
amateur 


Over 200 


different lines 
representing virtually all 
nationally known and 
advertised brands... 


Liberal trade-in allowances. .. 
An excellent time-payment plan. .. 


Courteous, friendly service by our staff 
which includes over fifteen licensed radio amateurs... 


A complete, well staffed department to 
give you excellent service on your mail orders. 


Serving 
the entire 
Western 


Phone Elmar TEmplebar 4-3311 
Region : 


as rea EL NAR electronics| 


San Francisco 
140 11th STREET OAKLAND 7, CALIFORNIA 


Bay Area. 
TWX-OA73 @ WU-FAX 


Learn Code the EASY Way > 


Beginners, Amateurs and Ex- 

perts alike recommend the 

INSTRUCTOGRAPH, to learn code 
and increase speed. 


Learning the INSTRUCTOGRAPH way 
will give you a decided advantage in 
qualifying for Amateur or Commercial ex- 
aminations, and to increase your words per 
minute to the standard of an expert. The 
Government uses a machine in giving 
examinations. 


Motor with adjustable speed and spacing 
of characters on tapes permit a speed range 
of from 3 to 40 words per minute. A large 
variety of tapes are available — elemen- 
tary, words, messages, plain language and 
coded groups. Also an “Airways” series for 
those interested in Aviation. 


MAY BE PURCHASED OR RENTED 
The INSTRUCTOGRAPH is made in sev- 


eral models to suit your purse and all may 
be purchased on convenient monthly pay- 
ments if desired. These machines may also 
be rented on very reasonable terms and if 
when renting you should decide to buy the 
equipment the first three months rental 
may be applied in full on the purchase 
price. 


ACQUIRING THE CODE 


It is a well-known fact that practice and 
practice alone constitutes ninety per cent 
of the entire effort necessary to ‘Acquire 
the Code,” or, in other words, learn teleg- 
raphy either wire or wireless. The In- 
structograph supplies this ninety per cent. 
It takes the place of an expert operator in 
teaching the student. It will send slowly at 
first, and gradually faster and faster, until 
one is just naturally copying the fastest 
sending without conscious effort. 


BOOK OF INSTRUCTIONS 


Other than the practice afforded by the 
Instructograph, all that is required is well 
directed practice instruction, and that is 
just what the Instructograph’s ‘Book of 
Instructions’’ does. It supplies the remain- 
ing ten per cent necessary to acquire the 
code. It directs one how to practice to the 
best advantage, and how to take advantage 
of the few “short cuts’? known to experi- 
enced operators, that so materially assists 
in acquiring the code in the quickest pos- 
sible time. Therefore, the Instructograph, 
the tapes, and the book of instructions is 
everything needed to acquire the code as 
well as it is possible to acquire it. 


MACHINES FOR RENT OR SALE 


2) he Y ns fruc tograph 


ACCOMPLISHES THESE PURPOSES: 


FIRST: [t teaches you to receive telegraph symbols, 
words and messages. 


SECOND: It teaches you to send perfectly. 


THIRD: It increases your speed of sending and 
receiving after you have learned the code. 


With the Instructograph it is not necessary to impose 
on your friends. It is always ready and waiting for you. 
You are also free from Q.R.M. experienced in listening 
through your receiver. This machine is just as valuable 
to the licensed amateur for increasing his speed as to 
the beginner who wishes to obtain his amateur license. 


Postal Card Wit BRING FULL PARTIC. 


ULARS IMMEDIATELY 


THE INSTRUCTOGRAPH CO. 


4707 SHERIDAN ROAD 
4700 S. CRENSHAW BLVD. 


74 


CHICAGO 40, ILLINOIS 
LOS ANGELES 43, CALIFORNIA 
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Shop the Largest 
Diercrte HEADQUARTERS 


in the Upper Midwest 


(Serving the Nation!) 


ental PSE GENERAL MANAGER 


K@YEC 


Extra liberal trades mean 
lowest end prices... TRY US! 
CHARGE IT! 10% DOWN 


Bob Woodrow, W@VVL, Manager of the HAM- 
ateur Department, discusses Lew Bonn’s huge 
inventory which includes the complete line of 
RCA Replacement tubes. 


Joe Hotch, K@UFE, Assistant Manager, has a 
good customer sold on the quality and rugged 
dependability of RCA tubes. 


Our stocks are complete on the brands of equipment IT’S FREE! 
you know and trust. Your tube orders will be filled 


from our RCA inventories. NEW 1960-61 
You can depend upon our 34 years of serving the 

world of electronics for complete satisfaction on all CATALOG 
gear ordered. Your Guide to the World 
Visit, Call or Write and inquire about your needs. of Electronics. Send for 


Near new and used equipment list sent on request. yours today! 
Prompt, friendly service guaranteed. *Copyright 1960 


“Lew 


MAIL ORDER ADDRESS: COMPAN v 
1211 LaSALLE, MINNEAPOLIS 3, MINN. 


FEDERAL 9-6351 Line Industrial Tube Distributor 


Your Upper Midwest's Complete 


_ULTRA MINIATURE 
TRANSISTOR 


@ Open-frame (-F)* Wt. .08 oz. size "x 98°"x 1/39” 
\ Molded (-M)* Wt. .14 oz. size 2" x gf" dia. 
\  ® Nylon Bobbin, Nickel-Alloy Cof®. Levels to .Sw. 
\ 


Part Phimaty < PSecondary 
Number | Application [mpedanice {0.0 Himpedance 


UM28-(*) Chale 
UM29-(*), Mie fatage 
UM30-(*) \bReke 
UM31-(*)  “YWterstaee 
UM32-(*)  Qiftput 


bOhy (Ode) 
60R8.T. 
T.5 hy (0 dc) 
10,000 C.T. 1,200 C.T. 
1,500 C.T. 600 
UM33-(*) Output 1,000 C.T. 600 
UM34-(*) Driver 10,000 C.T. 600 C.T. 
*Add either -F or -M to part number to designate construction. 
See catalog for detailed information. 


600 C.T. 


OFF THE SHELF 
DELIVERY 


FROMM STOCK! 


delivered 


in 24 hours 


SILICON RECTIFIER 


LZ 


TRANSISTOR 


DC-DC CONVERTER 
All Items Designed for 13.6V. Except 8034 which is for Power Supply OUTPUT 
28V Input. R 
de Page jeanne Circuitry Primary 105/115/125 Volts**. Bila ttee 


CIRCUIT 


Bele 


Hermetic sealed to MIL-T-27A 
See Catalog for additional information, 


Rectifier Circuit 


Part Pri. 
Number | Application Imp. 


See catalog for case size 


Part R.M.S. C15* F.W.** 
Number Amperes _FullWave _ Bridge ee (oe Hane 3-4 2 
M8018" SCT. Vv. «LAV. * PP. Auto Transt. Tan 
ee eer ; 7 14 M8009 P.P. Output to Spkr. 48 C.T. 3.2/8 5 
Part | Total V.A. D.C. Output M8020" 35 G.I. 3 14.5 29 M8010 P.P.Coll.toServo 120CT. 1,000 6 
Number] Output F, W. Bridge C.T. Full Wave M8021" 70 CI. 1 30 60 M8011 P.P. Output toSpkr. 1250.7. 3-4 15 
a Poe ey 
M8023t i ; * P.P. Output to Spkr. AL : : 
MB034 125 «500-250 250420 MD EE ari ee M8014 PP. Output to Spkr. 400CT. 11 25 
M8035 125 500.250 250 420 A IES Fi AN ae he ae M8015 P.0.Coll.toServo  1,600C.T. 800 2.5 
d Output volts stated are tor resistiv 
M8036: © 40) 450-2190, . 225. ~ 155 ee Cn eee Lae M8016 P.O. Output to Spkr. 2550CT. 12 10 


used if RMS AMPS is not exceeded *Bi-Filar wound to minimize switching transients. 


VERI-MINIATURE 
TRANSISTOR 


F)* Wt. .16 oz. size 7/)4" x The” x Ye" 


MICRO 
MINIATURE 
TRANSISTOR 


TRANSISTOR DRIVER 


Designed specifically for 
transistor, servo 
and audio 


Open ) 
Frame 


Frequency response 70-20K 

me Size AF mill through AH Hermetically 
+ sealed to MILT-27A. 
H EPOXY MOLDED See catalog for exact sizes and weights. 


ON SPECIAL 
ORDER ONLY 


Fra | se Pri. D.C. 

Part Unbal | Level 
Number | Application Ma. {Watts 
M8002* CoH. toP.P.Emit. 560 400C.1T. 18 15 
M8003* Coll. toP.P.Emit. 625 100C.7. 20 1.5 
M8004 Coll. to P.P. Emit. 5,400 600C.7. 15 .075 
M8005 Coll. toP.P. Emit. 7,000 320C.17. 7 .040 
M8006 Coll. to P.P, Emit. 10,000 6,500C.T. .75 .005 


*Bi-Filar wound to minimize switching transients. 


MINIATURE 
TRANSISTOR 


Available in 8 case types. 

Hermetic(-H) '5/,4°°x1%"',Wt. 1% oz. 
Molded (M) 7" x 7" x 115/39°', Wt. 1% 02. 
Open Frame(.F) 34° x 1° x 13/44", Wt. 1 oz 


Part Primary Secondary 
Number] Application Impedance 


Impedance 


MT1* Line to Base 600 600 
MT7* Coll. to P.P. Base 25,000 1,200 C.T, 
MT8* P.P.Coll.toPP.Base 50,000 1,200 C.T. 
MT9* Line to P.P. Base 600C.T, 1,200C.T. 
MT11* P.P. Coll. to P.P. Base 4,000 C.T. 600 C.T. 
MT13* P.P. Coll. to Speaker 4,000 C.T. 34 
MT14* Coll. to Speaker 2N179 400 10 
MT15* P.P. Servo Output 2N57 500 C.T. 210 
MT18* P.P.Coll.toP.P.Base  25,000C.T.  1,200C.T. 
MT23* 'P.P. Coll. to Servo 250C.T. 1,000 


Add either -AG, -H, -M, -FB, -FPB, -A, or -P to Part Number to 
designate construction. See catalog for detailed information. 


FL MICROTRAN 


Hermetic (-H) 15/16" D., x 1L416’° FSi 3/480. 


Molded (-M) 7%" x 25/32¢ex "I 


Available in 3 case types 


MMT25-(*) P.PN€oll. fo P.P. Base 
MMT26-(*) Liné’to Base 


Sec. 
Imp. 


7,500 C.T. 

600 C.T. 
MMT27-(*) P.P. Coll. to P.P. Base 25,000 C.T. 
MMT28-(*) P.P. Coll. to P.P. Base 10,000 C.T. 


“Add either -M, -H, or -FB to part number to designate construc- 
tion. See catalog for detailed information, 


VM 7* Output 


600/150 split 
VM 9* Output 


600 C.T. 
600 C.T. 
600 C.T. 
1,500 C.T. 


VM 11* Choke 
VM 12* Interst 


*Add either -F, 


(- 
(- 
Molded (- 
4 


VM 10* Interstage 


VM 13°* Interstage 


FB)* Wt..2 02. '5/39" X "rg x '7/a0" 

M)* Wt. % 02. 9/,4"° x 9/14" x ¥" high 

color coded leads, resin impregnated. 
Secondary 


Part Primary 
Number | Application | Impedance (DC) | Impedance (DC) 


VM _ 3* Interstage 25,000 
| VM 4* Input or Interstage 200,000 
VM_ 5* Interstage 50,000 
VM 6* Interstage 


600 (1 ma) 
1200 (.72 ma) 
600 (1.0 ma) 
100,000 1200C.T.(.72ma) 
500 (3.5 ma) 3.4 
1250 (2.0 ma) 50 
2,500 (1.5 ma) 2500 C.T. 
20 Hy.(0ma) 12 Hy. (.5 ma) 
age 20,000 (.75 ma) 1000 
20,000 .72 ma) 1000 C.T. 
or -M, or -FPB to part number to designate con- 


struction. See catalog. 


immediate delivery from stock at these FRANCHISED STOCKING DISTRIBUTORS 


CALIFORNIA, INGLEWOOD 
Newark Electronics Co., Inc. 
CALIFORNIA, LOS ANGELES 
Graybar Electric Co. 
Universal Radio Supply Co. 
CALIFORNIA, OAKLAND 
Connex Corp. 

CALIFORNIA, SAN DIEGO 
Telrad Etectronic Supply 
CALIFORNIA, SAN JOSE 
Peninsula Electronic Supply 
COLORADO, DENVER 

Ward Terry & Co. 


D. C., WASHINGTON 


Electronic Industrial Sales Inc. 


FLORIDA, ORLANDO 

East Coast Radio of Orlando 
ILLINOIS, CHICAGO 

Newark Electronics Corp. 
KANSAS, WICHITA 

Radio Supply Co., Inc. 


MARYLAND, BALTIMORE 

D & H Dist. Co., Inc. 
MASSACHUSETTS, BOSTON 
Radio Shack Corp. 

Sager Electrical Supply Co. 
MINNESOTA, ST. PAUL 
Gopher Electronics 

NEW JERSEY, MOUNTAINSIDE 
Federated Purchaser, Inc. 
NEW YORK, JAMAICA 
Peerless Radio Distributors 
NEW YORK, MINEOLA 

Arrow Electronics, Inc. 
NEW YORK, NEW YORK CITY 
Harrison Radio 

NEW YORK, SCHENECTADY 
Schenectady Electronics 
NEW YORK, BUFFALO 
Summit Distributors, Inc. 
NEW YORK, UTICA 

Valley Electronic Labs Inc, 


OHIO, CLEVELAND 

Main Line Cleveland, Inc. 
PENNSYLVANIA, PHILADELPHIA 
Phila. Electronics Inc. 

TEXAS, DALLAS 

Central Electronics 

UTAH, SALT LAKE CITY 

S. R. Ross, Inc. 

WASHINGTON, SEATTLE 

F. B. Connelly Co. 


CANADA, MONTREAL _ 
Atlas Wholesate Radio {nc. 


WEST COAST WAREHOUSES 


Arthur L. Bolton Company 
Menlo Park, California 
DAvenport 1-4332 


Richard A. Strassner Company 
Los Angeles 27, California 
HOllywood 3-5694 


Write TODAY for catalog and price list of the, complete MICROTRAN line. 


company, inc. | 
145 E. MINEOLA AVE., VALLEY STREAM, N.Y.. 
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TUBE PRINCIPLES is Noi Bae ee 
15 EDITION) =i, sor ee 


Comprehensive theory, and 
up-to-the-minute data on 
designing, building, and 
operating radio equipment. 
800 pages, clothbound. 


23:50 


ay 


CONTENTS INCLUDE: AC & DC Circuits + VT Principles * Transistors & Semiconductors * 
VT Ampls + High Fidelity - RFVT Ampls + Oscilloscopes + Special VT Circuits + Radio 
Receiver Fundamentals » Energy Generation - R-F Feedback » Amplitude Modulation + FM 
& Radio Teletype Transmission * Sideband Transmission * Transmitter Design + TV & BC 
Interference + Transmitter Keying - Radiation, Propagation & Transmission Lines + Antennas 
- HF Antenna Arrays - VHF & UHF Antennas + Rotary Beams + Mobile Eqpt. Design & 
Install. » Receivers & Transceivers * Low Power Transmitters & Exciters * HF Power Ampls 
- Speech & AM Eqpt. - Transmitter Construction +» Power Supplies * Workshop Practice ° 
Electronic Test Equipment * Radio Mathematics & Calculations 


SURPLUS RADIO 
CONVERSION MANUALS 


—three volumes provide in- 
structions and diagrams for 
converting most commonly eg 
used surplus electronic er 

equipment. Send stamped § 
envelope for list of contents, 


Vols. |, Il, & Ill 
$3.00 


per volume 


RADIOTELEPHONE 
LICENSE MANUAL 


Prepares you for all U.S.A. 
commercial radiotelephone 
1 operator’s license examina- 
B tions. Complete study-guide 
questions... clear, concise 


°3.79 


Buy from your favorite distributor, or add 10% on direct orders to 


EDITORS and ENGINEERS, Ltd. 
Summerland 4, California 
Bookstores: Order from Baker & Taylor, Hillside, N.J. 
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850 Series 


Shown actual size, zero adjuster optional 
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950 Series 


Shown approximately three quarter size 


CLEAR-PLASTIC CASES: One look will make every ham en- 
thusiastic about the modern, expensive-looking 850 series... 
and you will be pleased to find the meters cost only 20¢ more 
than the equivalent metal cased meter. Equally good news will 
be the longer, more visible scale arc...the removable front 
...and the availability of zero adjusters on all AC or DC ranges. 


ATTRACTIVE METAL CASES: In certain applications—for panel 
appearance or specialized service conditions, you may prefer to 
select from the long-time metal favorites, the basic Models 550 
or 950 as illustrated. Although all have been modernized in 
appearance recently, each continues to fit 2 5/32” mounting 


hole, See Catalog 94 covering all types, including many with 
zero adjuster. 


CHOICE OF MANY TYPES: AC and DC Ammeters, Milliameters, 
Voltmeters and Resistance Meters. AC meters are double-vane 
repulsion type with jeweled bearing. DC are polarized-vane 
solenoid type, or moving magnet construction. Well over 200 
ranges and types. Among the most popular are a 0-3 DC 
Milliammeter with 500 ohms internal resistance and built-in zero 
adjuster, and a 0-1 DC Milliammeter with 1,000 ohms internal 
resistance and zero adjuster, 


SHURITE METERS 


NEW EDGEWISE METER: The 350 series provides an ideal way 
to dress up a panel. The clear jewel-like plastic front is very 
rich looking and gathers light for easy reading of its long scale. 
Yet it takes very little panel space and costs much less than 
you would expect. 


DEPENDABLE PERFORMANCE: By far the best torque-to-weight 
ratio in its field gives you a sturdy meter with fast responses 
and ability to duplicate readings. Accuracy well within the 
standard 5%. 


REASONABLE PRICES: Typical of the exceptional values are 
the meters illustrated. 0-150 DC Ma, $2.00 in the 550 or 950 
series, $2.20 in the 850 series; 0-10 DC Ma in the 350 series, 
$3.45; 0-1 DC Ma (with zero adjuster), $3.60 in 550 or 950 
series, $3.80 in the 850 series; 0-150 AC Volts $3.70 in 550 or 
950 series, $3.90 in the 850 series. Other meters are correspond- 
ingly low in price. You get the benefit of low costs made pos- 
sible by large quantity production. 


GUARANTEED: For one year against defective workmanship 
and material. Will be repaired or replaced if sent postpaid to 
the factory with 40¢ handling charge. 


WIDELY AVAILABLE: Stocked by leading electronic parts 
distributors for prompt deliveries. 


130 Wallace Street e New Haven 8, Connecticut 


P. O. Box 1818 


THIS VALUABLE BiG... 
204 PAGE BUYING GUIDE 
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BURSTEIN-APPLEBEE CO. Dept. M, 
1012-14 McGee St., Kansas City 6, Mo. 


' | Send Free 1961 B-A Catalog Na, 611 


NAME 


ADDRESS 


RUSH COUPON TODAY = 


FOR VHF-FM TWO WAY 


\ 


the new 680 series offers 


HIGH PERFORMANCE at 
MODERATE COST with 
LOW MAINTENANCE! 


i 8 ES Ce 


+ 


communications equipment 


VHF-FM FOR: 


MOBILE 
AIRCRAFT 
MARINE 
MOTORCYCLE 
PORTABLE 
BASE 


MOBILE RADIO 


VHF-AM FOR: VHF 


AIRPORT VEHICLES ANTENNAS 
GROUND STATIONS REMOTE CONTROLS 
POINT-TO-POINT - ACCESSORIES 


"680" FEATURES AND OPTIONS: 


PROVEN PERFORMANCE ...all the out- 
standing features of the popular ‘‘580"' series, 
plus the following. 

HIGH POWER...100 watts output 25 to 
50 mc, 75 watts 144 to 174 mc, both base 
and mobile, 

TONE SQUELCH ...two way tone squelch 
compatible with other systems to EIA stand- 
ards. 


Meets all FCC and OCDM requirements. 


“G80 FLEETCOM” 


COMBINATION 


e MOBILE CONTROL HEAD 
e SPEAKER 
e TRANSISTOR *POWER SUPPLY 


DESIGNERS AND MANUFACTURERS OF 


COMMUNICATIONS COMPANY, Inc. 


FOUNDED. 1938 


20 


* 


* 
* 


SIMULTANEOUS RECEPTION...dual front 
end receiver for monitoring two frequencies 
anywhere in the band. 


TRANSMITTER FILAMENT SWITCH... re- 
duces battery drain when on ‘‘stand-by’’. 
MONITORS REMOTE CONTROL... base 
station monitors remote transmissions. Inter- 
com provided. All functions available at 
remote position, 


ADIO COMMUNICATIONS EQUIPMENT 


SWORAL GABLES... MLAMI 34, FLORIDA: 
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air , dux® BALUN 
llumitronic has the 

Unbalanced coax lines used'on most trans- 

mitters can be matchéd to’ balanced lines most complete line 

of either 75 or 300 ohms-impedance by © of PLASTIC ROD, 

using the B2009 ‘air * “dux -coils. May be © TUBING and SHEET 

used with transmitters and receivers with- - ° es 

out adjustment over the frequency range 

of 80 through 10 meters, and will handle - 

power inputs up to 200 watts. 


Two coils required. B2009 Coil with hardware 
Coax connector not.included. MB2009 . Mounting plate 


Standard Air Dux! 


A wide selection is 
available from Jobbers 


nationally. | Also HARNESSING 


= id mikilos and CABLING 
Eee eee eee er materiais: 


The 500 and 1000 watt pi dux assemblies 
are compact yet conservatively rated. The 
high frequency coil sections are silver 
plated for high tank circuit efficiency. A- 
complete technical sheet is included with 
each assembly. 


Lo #195-1 500 watt pi dux Assembly 
1KW pi dux #195-2 1 KW pi dux Assembly 


ZIPPERTUBING 
indented pi dux® | 
SPIRAL WRAP 


Wire Length L 
Cat.No. Dia TPI Size of Coil uh, SPIRAL COVER 


816A 1 16 3 18.0 
1014A BA 14 18.3 VINYL SLEEVING 


1212A WA 12 18.3 
1411A 1% 1 18.0 LACING CORD 
T6OPAY 2 2 18.1 @ CABLE CLAMPS 
2007A 2, 7 18.6 ff 

2406A 3 6 18.7 


é \ vari-pitch pi dux® 
Pee 820010 1 20810 18 
Wiss 121206 1%, 41286 14 
7 160806 “2 5 8&6 2-12 


2008D5. 24%. 845 3.12 
240804. = 2 3c BSA 10 


ilumitronic 


That's our business! We 
now supply a majority of 
the air wound coils used 

by leading equipment | 
manufacturers. | engineering 


sunnyvale, - california 


EXPORT DEPT.; 15 MOORE ST., NEW YORK 4,N. Y. 
CABLE ADDRESS: MINTHORNE - NEW YORK. TEL. BO 9-6272 
CANADIAN REP.: LEN FINKLER CO., TORONTO 


COMPLETE OuTFITTERS 


FOR THE 


> HAM 
> COMMUNICATIONS 


> ELECTRONIC 
ENGINEERS 


EUGENE G. WILE 


218-220 South 11th St. 
WaAlnut 3-1343 
Distributors of 


Nationally Advertised Lines of 
RADIO, TELEVISION and ELECTRONIC Parts 


Philadelphia 7, Pa. 


Nee ELE CARIES. ES. sn A" may Tecate Seer. 


MS/AN CONNECTORS 


Relied upon since 1939. Latest de- 
sign advancement is new “Stub E” 
construction—shortest lightest “E.” 


MINNIiq, CONNECTORS 


Complete new family of miniature 
“h’s”—altitude-moisture resistant. 
Sizes 12 to 22—3 to 48 contacts. 


RF CONNECTORS 


All RF series available, including re- 
markable Subminax. New Quick-Crimp 
BNC’s cut assembly time in half. 


PRIN-CIR CONNECTORS 


Receptacles, plugs and adapters with 
super-reliable gold-plated contacts, 
Seven families 
available for every 
R & P application. 
Patented crimp 
Poke-Homecontacts 
in 93 & 94 series, 


COAXIAL CABLE 


Most complete line anywhere of 
RG-/U polyethylene and Teflon co- 
axial cables. Miniatures also. 


ALL STANDARD AMPHENOL 
COMPONENTS STOCKED IN 
DEPTH BY YOUR AUTHORIZED 
AMPHENOL DISTRIBUTOR... 


4 ASK FOR YOUR COPY OF CATALOG IEC! 


AMPHENOL) DISTRIBUTOR DIVISION 


BROADVIEW, ILLINOIS : 
Amphenol-Borg Electronics Corporation 
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Specify Birtcher Tube / Transistor Cooling / Retaining Devices 


Birtcher’s sales manager (see panel below) is a radio amateur himself. 
He’ll tell you that 85% of electronic equipment failures is due to excessive 
heat. Birtcher’s products will solve this problem. They’ll accommodate 
just about every commonly used tube or semiconductor, 


KOOL KLAMPS 


Reduce minia- 
ture tube tem- 
peratures up to 
40°C while re- 
taining against 
shock <and 
vibration. 


TUBE CLAMPS 


More than 6,000 
modifications. 
Hold tubes and 
components se- 
curely against 
severe shock & 
vibration, 


JAN SHIELD 
INSERTS 
Combat high 
rate of tube fail- 
ures due to ex- 
cessive heat. 


TUBE TOP 
TAINERS 


MIL-approved to 
retain tubes and 
components, 


TRANSISTOR 
CLIPS 


Accommodate 
most transis- 
tors, gives you 
retention with 
good heat 
dissipation. 


TYPE 2 TUBE 
CLAMPS 


Hold miniature 
tube & plug-in 
components 
securely while 
allowing easy 
service access, 


TRANSISTOR 
RADIATORS 


Fit most transis- 
tors, give you 
increased semi- 
conductor effi- 
ciency (up to 
27%) and pre- 
vent breakdown. 


POWER DIODE 
RADIATORS 


To prevent 
“Thermal Runa- 
way’’ and permit 
operation at 
maximum rating, 


CALL W6DTQ 


Call letters of 
Charles Booher, 
sales manager 
of The Birtcher 
Corp, 


THE BIRTCHER CORPORATION / industria! division 


745 S. Monterey Pass Rd. © Monterey Park, California © Angelus 8-8584 


Contact your local distributor 
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ILLINOIS CAPACITURS 


KNOWN THE WORLD OVER FOR 


For over 25 years ILLINOIS 
CONDENSER COMPANY has |_| 


TYPE SMT-TUBULAR 


2en foremost in the development 
of ever greater dependability and 
nger life in all types of capacitors. 
Listed below are only a few of the 


A complete line for low voltage D.C. circuits. 
Have many advantages including Aluminum 

Cases patented construction; hermetically- 
sealed: immersion-proof: excellent life char- 
acteristics; low leakage currents; shock and 


a 


more popular—and most ; vibration-resistant: id icati 
Sau 3 vibration-resistant; ideal for applications re- 
cently developed ILLINOIS types. a PRONG quiring minimum size and weight. 


Standardized twist-prong type. Patented molded terminal construc 
tion for efficient, stable operation under extreme temperature ranges. 
Capacity ranges from 10 to 3,000 MFD and from 6 to 525 WVDC. 


Hermetically sealed plug-in octal base type. Especially useful in fixed 
or mobile communications equipment. Operating temperature range 
—40°C to +85°C. Available in wide ranges of capacities and volte 
ages. 


Popular multiple section types with flexible leads, insulating sleeves 
and mounting straps. Equally adaptable for original equipment or 
replacement purposes. Available in capacities from 10 to 250 MFD 
at 25 to 500 WVDC. 


Extruded aluminum can type with screw neck mounting and flexible 
leads. Capacity ranges from 8 to 80 MFD and from 450 to 600 WVDC. 


Hermetically sealed inverted can type with screw neck mounting and 
molded-in terminals. Wide ranges of capacities and voltage ratings, 
Meets all government specs. 


Inverted can type with clamp mounting. Hermetically sealed, shock 
resistant with new molded terminal construction. Ideal for use in 
highest quality equipment. Meets all government specs. Wide cas 
pacity and voltage ranges. 


Popular tubular aluminum can, pigtail type electrolytic. Internal 
riveted construction. In capacity ranges of 1 to.2000 MFD and from 
6 to 600 WVDC. Also available with solder lug terminals. Supplied 
with insulating sleeves. 


Low leakage -high capacity electrolytic for power filter packs, volt- 
age stabilization, energy storage and photo flash. Capacity ranges up 
to 10,000 MFD to 50 V. and 1000 MFD at 450 V. 


Newly developed “‘miniature’’ and sub-miniature electrolytics witt 
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hermetic seals. Especially designed for printed circuits, portable 
equipment, transistor equipment and any application where size anc 
weight must be kept at an absolute minimum. Capacity ranges from 
.5 to 100 MFD and from 3 to 50 WVDC. Ceramic case and alumi- 
mum case types. 


Motor starting capacitors available in bakelite and aluminum cases 
Long wire leads with terminals. Capacities to 5,000 MFD at 115. 
220 and 320 VAC. 


Hermetically sealed bathtub type especially designed to withstanc 
vibration and shock. Available in electrolytic and paper capacito 
types for government and commercial use. 


A new high intensity, low voltage electronic photoflash kit featuring 
latest advances in tube, capacitor and reflector design. 100 watt 
second output. Uses standard type batteries. Easily assembled, 
es reliable and economical to operate. AC Power Pack also 
available. 
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Here, at Harrison’s, in the World’s Largest Trading Center, 
- = is where you get the most for your money!—The newest equip- 
eto gs sch * ment, the best friendly service, the greatest values, the 
A ARLESTOS woe F aii Cfenay gore oe | easiest terms, the ‘hottest’ trade-in deals! 
wie pe se eee OTHER Nowhere else can you see such a tremendous array of all 
4 ‘nt af AS high & cs wis the latest and finest Ham gear, waiting for you to inspect, 
: i ; al €¢ select, try out, then take safely home with you. 


So, hurry on in (it really is a shorter trip than you think!) 
to HAM HEADQUARTERS, U.S.A. Bring along your old rig, for 
, my tip-top trade-in deal. | guarantee you'll go home happy! 


INDUSTRIAL? Certainly! x <4 c 73, Sk RKarréson, wave, 


s The Electronics Industry is in a large measure , ee ae é 
ie ' ' Gra ; (Of course, if you can’t visit us, my mail and phone order 
x Aare on Radio Amateurs, and their accomplish- /igsae* ¢~"' service is still the best in the world!) 


It logically follows that HAM HEADQUARTERS, USA 
is also the dependable supply center for all 


INDUSTRIAL ELECTRONIC a HARRISON 


i “ 
MATERIEL! | ‘Ham Headquarters, USA . . . Since 1925" 


For quicker service (at factory prices) have your 


| PA rely upon our, MUON 225 GREENWICH STREET, NEW YORK 7, N.Y 
» INDUSTRIAL SALES DEPARTMENT ™ : 


~ TWX NY * Cable “Harrisorad” i vege? BArclay 7-7777 
serene RGR LOM era haath ow eh NEW JERSEY, DElaware 3-8780 


LONG ISLAND, REpublic 9-4102 
HILLSIDE AVE. at 145 St., JAMAICA 
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